Effect of formoterol fumarate treatment on

exercise-induced bronchoconstriction in children
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Background: Exercise-induced bronchoconstriction (EIB) is common, particularly in children.

Objectives: To compare the protective effect of single doses of formoterol fumarate via Aerolizer with placebo and albuterol
in children with EIB.

Methods: In this randomized, double-blind, double-dummy, crossover trial, 23 children (aged 4—11 years) received formot-
erol, 12 or 24 ug; albuterol, 180 wg; or placebo at 4 separate visits. Protection against EIB was evaluated as the maximum
percentage decrease in forced expiratory volume in 1 second (FEV,) from the preexercise value after exercise challenge tests
(6-minute treadmill) conducted 15 minutes and 4, 8, and 12 hours after administration of the dose.

Results: The maximum percentage decrease in FEV after the 4-hour exercise test (primary efficacy variable) was significantly
less for formoterol, 12 and 24 ug, vs placebo (P < .001 for both) or albuterol (P = .016 and .010, respectively); albuterol was
not significantly different from placebo. Formoterol, 12 and 24 ug, differed from placebo at 8 hours (P = .002 and .001,
respectively), with a smaller difference between albuterol and placebo (P = .045). Rescue medication use and a high dropout
rate may have biased treatment differences at later time points. Protection against EIB (<20% maximum decrease in FEV))
across all time points was observed for 17 (77%) of 22 and 17 (74%) of 23 children with formoterol, 12 and 24 ug, respectively,
compared with 8 (35%) of 23 with albuterol and 6 (27%) of 22 with placebo.

Conclusions: Single doses of formoterol, 12 or 24 ug, are effective in protecting against EIB in children, affording a

statistically significantly greater protective effect than placebo or albuterol.

INTRODUCTION

Exercise is a well-known trigger of asthma symptoms in
patients of all ages. Exercise-induced bronchoconstriction
(EIB) is particularly common in children and young adults,’
probably because of their high level of physical activity. As
such, EIB management is crucial so that children with asthma
can participate more fully in sporting activities. Exercise-
induced bronchoconstriction may be reduced or controlled by
anti-inflammatory therapy with an inhaled corticosteroid.?
For patients who still experience EIB despite such treatment
or whose EIB is the only manifestation of their asthma,
current asthma management guidelines recommend adminis-
tration of a rapid-acting inhaled (3,-agonist, such as albuterol,
immediately before exertion.> Albuterol offers rapid protec-
tion from EIB, but this protection wanes within approxi-
mately 4 hours.* Formoterol fumarate has a similar onset of
protective effect and can protect against EIB for up to 12
hours.>® The effectiveness of formoterol in protecting against
EIB has been demonstrated in previous studies”® in children
using formoterol administered via a pressurized metered-dose
inhaler (MDI) and in studies®® in adolescents and adults in
which formoterol was given via a single-dose dry powder

* Colorado Allergy and Asthma Centers PC, Denver, Colorado.

1 National Jewish Medical and Research Center, Denver, Colorado.
# Novartis Horsham Research Centre, Horsham, England.

§ Novartis Pharmaceuticals Corp, East Hanover, New Jersey.

This study was supported by Novartis Pharma AG.

Received for publication January 14, 2005.

Accepted for publication in revised form April 9, 2006.

Ann Allergy Asthma Immunol. 2006;97:382-388.

inhaler. We, therefore, sought to investigate the effectiveness
of formoterol fumarate given via the same single-dose dry
powder inhaler (Foradil Aerolizer; Novartis Pharmaceuticals
Corp) also in protecting against EIB in children.

The Aerolizer has features that are particularly suited to
ease of use by children,” who may be more prone than adults
to problems with inadequate dosing via inhaler devices.!” The
device has various feedback mechanisms to show that the
dose has been taken (eg, the empty capsule), and the low
resistance of the device means that the drug is successfully
delivered at inspiratory flows that can be achieved by most
patients, including young children.'"'? The trial was designed
to evaluate the protective effect and the onset and duration of
protection against EIB in children of formoterol, 12- or 24-ug
doses, via Aerolizer compared with placebo and albuterol,
180 g, via pressurized MDI.

METHODS

Patients

The study enrolled children aged 4 to 11 years with demonstra-
ble EIB (=20% decrease in forced expiratory volume in 1
second [FEV,] within 30 minutes of starting an exercise chal-
lenge test). Their baseline FEV, measured at screening (visit 1)
was at least 70% of predicted and was not to vary by more than
20% when measured again at visit 2 (scheduled 5 days later).
Patients were ineligible if they had any malignancy, cardiovas-
cular disease, or any other serious medical history, including
emergency treatment for asthma in the 3 months before visit 2 or
a respiratory tract infection within 1 month of visit 2.
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Intermittent, on-demand use of albuterol via pressurized
MDI was allowed as rescue medication. Inhaled or nasal
corticosteroids were allowed concomitantly if patients were
receiving stable doses, ie, had not started treatment or
changed dose, schedule, formulation, or product in the 2
weeks (for nasal corticosteroids) or 1 month (for inhaled
corticosteroids) before randomization. Allergen immunother-
apy was allowed if treatment was started more than 3 months
before randomization. Patients were withdrawn if these treat-
ments changed during the study. Medications that were not
permitted included oral, parenteral, and nebulized short- and
long-acting [3,-agonists; theophyllines; parenteral or oral cor-
ticosteroids; cromones; antileukotriene drugs; and anticholin-
ergics. Patients were allowed to take short-acting formula-
tions of the antihistamines chlorpheniramine maleate and
diphenhydramine hydrochloride, but not during the 24 hours
before any trial visit.

Study Design and Procedure

This randomized, double-blind, double-dummy, 4-way cross-
over trial was conducted at 2 medical centers (Colorado
Allergy and Asthma Centers PC and National Jewish Medical
and Research Center). Treatments were supplied via 2 de-
vices: the Aerolizer dry powder inhaler (formoterol, 12 and
24 g, or placebo) or a pressurized MDI (albuterol, 180 ug,
or placebo). A spacer device was not used with the MDI. The
treatment sequence was randomly allocated, and all the visits
were separated by at least 3 days (Table 1). Inhalation tech-
niques were taught to the children, and their ability to use the
inhaler devices correctly was reviewed before each adminis-
tration of study medication.

Randomization was achieved using a computer-generated
code supplied by the sponsor (Novartis Pharmaceuticals Corp),
using a validated system that automated the random assignment
of treatment sequence to randomization numbers. Double blind-
ing was achieved using a double-dummy technique, whereby at
each visit patients inhaled the dry powder contents of 2 capsules
from the Aerolizer (capsules contained formoterol, 12 g, or
placebo) and 2 inhalations from the pressurized MDI (of albu-
terol, 90 wg per puff, or placebo). Patients and investigators
remained blinded to treatment sequence, and personnel from the
study center or from the sponsor who were involved in the
monitoring or conduct of the trial were blinded to the trial drug
codes, except in the case of an emergency. Trial drug codes were
not available to these personnel until after the trial was com-

pleted, and the blinded data were reviewed and locked electron-
ically to prevent further changes.

Exercise testing was conducted at ambient room tempera-
ture (20°C-25°C) and in a dry environment. Patients exer-
cised for 6 minutes on a treadmill, and the intensity of the
exercise was monitored by pulse rate, which was to reach
80% to 90% of each individual’s predicted maximum; 2
exercise tests were performed 4 hours apart at the first study
visit (baseline). At subsequent visits, 4 exercise tests were
conducted at 15 (£5) minutes and at 4, 8, and 12 hours (£15
minutes) after dose administration. The earliest time point
was chosen to allow comparison of onset of protective effect,
and the later time points were chosen to evaluate duration of
effect. An interval of at least 3 hours between tests was
necessary to minimize the refractory response that may occur
as a carryover effect from previous exercise.'3 Albuterol
pressurized MDI was provided as rescue medication for pa-
tients who became symptomatic during or after exercise
testing. Time and dose of rescue medication were recorded,
and patients could continue their scheduled study procedures.

At the screening visit, a complete medical history was
obtained, and patients underwent a physical examination,
including vital signs. Electrocardiograms (ECGs) were re-
corded before and after a first exercise test. The FEV, was
recorded before and after the first exercise test and before and
after a second test 4 hours later to confirm eligibility. At each
subsequent visit, vital signs were measured before and after
each exercise test, and ECGs were recorded 2 hours after
dose administration. The ECGs, including an evaluation of
corrected QT interval (QTc¢) measurements, which could be
affected by this class of study drug, were performed to further
evaluate cardiac safety. A change in QTc of more than 60
milliseconds or prolongation beyond 460 milliseconds was
considered clinically relevant. Clinical laboratory tests (he-
matology, blood chemistry, and urinalysis) were performed at
screening and at the last study visit as part of the standard
evaluation of safety and care of patients during the study.
Adverse events were recorded at each visit.

Written informed consent was provided by the children’s
parents or legal guardians before any study-related procedures.
The study was performed in accordance with good clinical
practice and the directives of the Declaration of Helsinki, the
rules governing medicinal products in the European Community
(Directive 91/507/EEC), and US 21 Code of Federal Regula-

Table 1. Randomization to Double-Blind Treatment Sequence at Screening (Visit 1)

Treatment sequence

Visit*

A B C D
2 Formoterol, 12 ug Formoterol, 24 ug Albuterol, 180 ug Placebo
3 Formoterol, 24 ug Placebo Formoterol, 12 ug Albuterol, 180 ug
4 Albuterol, 180 ng Formoterol, 12 ng Placebo Formoterol, 24 ng
5 Placebo Albuterol, 180 ng Formoterol, 24 ug Formoterol, 12 ug

* Visits were scheduled at least 3 days apart to allow for washout.
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tions dealing with clinical studies concerning informed patient
consent and institutional review board approval.

Efficacy Evaluations

The primary efficacy variable was the maximum percentage
decrease in FEV, from the preexercise value to the postex-
ercise value recorded at the 4-hour exercise challenge test. If
patients could not complete the exercise test or used rescue
albuterol, the value from the previous exercise test was used
for analysis (last observation carried forward [LOCF]). Sec-
ondary assessments included the maximum percentage de-
crease in FEV, for the 15-minute, 8-hour, and 12-hour exer-
cise challenge tests. The maximum percentage decrease in
FEV, was also analyzed as the change from the pretreatment
(as opposed to preexercise) value.

Spirometry was performed according to the standards of
Polgar and Promadhat.'® To reduce the diurnal variability of
observations in clinical efficacy measurements, baseline spi-
rometry was conducted between 6 and 9 am at each visit.
When possible, the same qualified person evaluated a given
patient at the same time of day at each visit throughout the
trial. This person coached the patient in the performance of
spirometry and exercise. Pulmonary function testing was
conducted in duplicate. The recorded FEV, was obtained
from the spirometry maneuver yielding the largest FEV . If a
patient’s baseline FEV, at any treatment visit was lower than
60% of predicted, the visit was rescheduled. During a given
visit day, if the preexercise test FEV, was less than 60% of
predicted, the challenge test was not conducted. Spirometry
was performed before exercise and 2, 5, 10, 15, 20, 30, 45,
and 60 minutes after each exercise challenge test.

Statistical Analysis

Efficacy hypotheses were tested at the 5% level using an
analysis of covariance (ANCOVA) model, including se-
quence, patient (nested in sequence), treatment, period, and
the corresponding pretreatment baseline as a covariate. For
the primary analysis, the null hypothesis that there was no
difference between treatment with formoterol vs placebo with
respect to the maximum percentage decrease in FEV, was
tested for each dose. The analyses were repeated including an
effect for carryover. In addition, comparisons of the 2 doses
of formoterol with placebo were tested with adjustment for
multiplicity using the Hochberg method, thereby preserving
the overall .05 significance level.'* Similarly, adjustments for
multiple testing were made for the comparisons of the 2 doses
of formoterol with albuterol. The maximum percentage de-
creases in FEV, were analyzed with and without LOCF. The
ANCOVA was performed for the 15-minute, 4-hour, 8-hour,
and 12-hour postdose time points using the intention-to-treat
(ITT) population (randomized patients who took at least 2
different types of study drug and performed at least 1 post-
dose exercise challenge test after each of the 2 study drugs).
The maximum percentage decrease in FEV, was considered
invalid if any FEV, value was measured within 6 hours of
rescue medication use. In these cases, the maximum percent-

age decrease in FEV, at the previous exercise test (same visit)
was carried forward for analysis.

Safety data are summarized by treatment. All safety analyses
were based on the population of randomized patients who took
at least 1 dose of study drug, which in the present study was
identical to the ITT population. It was estimated that 20 com-
pleted patients were required for statistical analysis of the pri-
mary variable after each completed exercise challenge test. This
was based on variability observed in similar formoterol trials>®
performed to study the protective effect on EIB in adolescent
and adult patients. It was considered important to detect a
difference in maximum percentage decrease in FEV, of 16%
between formoterol and placebo assuming an SD of 14%. Using
a 2-sided test at the .05 significance level, it was estimated that
5 patients per sequence were required to provide 90% power,
giving a total of 20 patients.

RESULTS

Demographics

Twenty-three children were enrolled; 21 received all 4 med-
ications and completed their treatment sequences (formoterol,
12 pg, n = 22; formoterol, 24 pg, n = 23; albuterol, n = 23;
and placebo, n = 22). The remaining 2 patients received 3
treatments. Baseline demographic and background character-
istics of the ITT population are given in Table 2. Three
children (13%) were younger than 6 years, 5 (22%) were 6 to
8 years old, and 15 (65%) were 9 to 11 years old. Asthma
therapy comprised inhaled albuterol on demand (all patients)
and inhaled corticosteroids (5 patients; 22%). Patient recruit-
ment started in June 2001, and the last patient completed the
study in November 2001.

Primary Efficacy Analysis

The maximum percentage decrease in FEV, (with LOCF)
from preexercise values at the 4-hour postdose exercise test
was significantly smaller for both doses of formoterol com-
pared with placebo (formoterol, 12 and 24 ug, P < .001 for
both) and albuterol (formoterol, 12 ug, P = .016; formoterol,
24 ng, P = .010) (Fig 1). These differences were significant
when tested without adjustment at the .05 level and when
tested again after adjusting for multiplicity according to the
Hochberg method. The differences between albuterol and
placebo (P = .255) and between the 2 formoterol doses (P =
.871) were not significant.

The results for the primary efficacy variable were similar,
with statistically significant treatment differences when LOCF
was not applied (results not shown). When the primary analysis
was repeated to include carryover in the ANCOVA model, the
findings were again similar to those seen in the original analysis,
with statistically significant treatment difference estimates for
the same treatment comparisons (results not shown).

To test for any possible impact of any difficulties recording
spirometry for the youngest children, analysis of the primary
efficacy variable (the maximum percentage decrease in FEV,
after exercise testing 4 hours after dose administration) was
repeated to exclude the 3 youngest children aged 4 or 5 years.
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Table 2. Baseline and Demographic Data for the Intention-to-Treat
Population

Variable Value
Age, y
Mean (SD) 8.8 (2.13)
Range 4-11
Sex, M/F, No. (%) 7/16 (30/70)

Height, mean (SD), cm 137 (13.96)
Body weight, mean (SD), kg 35.9 (11.86)
Time since asthma diagnosis, mean (SD), mo 71 (36.9)
First exercise challenge test at visit 1
Preexercise
FEV,, L
Mean (SD) 1.75(0.48)
Range 0.95-3.06
FEV;, % predicted
Mean (SD) 86 (13.4)
Range 63-114
Postexercise, % decrease
Mean (SD) 30 (8.8)
Range 17-50
Second exercise challenge test at visit 1
Preexercise FEV;, L
Mean (SD) 1.71 (0.50)
Range 0.86-2.96
Postexercise, % decrease
Mean (SD) 29 (9.9)
Range 19-62

Abbreviation: FEV,, forced expiratory volume in 1 second.

This analysis demonstrated essentially the same treatment
effect seen with the full (ITT) study population, with statis-
tical significance for the same treatment comparisons.

Secondary Efficacy Analysis
Values for the maximum percentage decrease in FEV, with
LOCEF at the other time points are given in Table 3, with
treatment differences at 15 minutes, 8 hours, and 12 hours
depicted in Figure 1. Fifteen minutes after dose administra-
tion, formoterol, 12 and 24 wg, was significantly more effec-
tive than placebo, as was albuterol (P < .001 for all). There
were no significant differences between either the 12- or
24-ng dose of formoterol and albuterol (P = .648 and P =
215, respectively) or between the 2 doses of formoterol (P =
429). At 8 hours, both formoterol doses were significantly
more effective compared with placebo (12 ng, P = .002; 24
ng, P < .001), with a smaller but significant difference
between albuterol and placebo (P = .045). The 8-hour dif-
ferences between formoterol and albuterol did not reach
significance (12 ug, P = .246; 24 pg, P = .058). By 12
hours, the only remaining significant treatment difference
was between formoterol, 24 ug, and placebo (P = .029);
however, this was not statistically significant in terms of
adjustment for multiplicity because the P value exceeded the
critical value of .025 according to the Hochberg method.
More albuterol- and placebo-treated patients (n = 10 and
8, respectively) used rescue medication than formoterol-
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Figure 1. Estimated differences between treatments for maximum
percentage decrease in forced expiratory volume in 1 second (FEV)) from
the preexercise value for exercise challenge tests at different postdose
times (intention-to-treat population, using last observation carried for-
ward). The treatments compared are shown under each data point. F12
indicates formoterol, 12 ug; F24, formoterol, 24 ug; A, albuterol, 180
ng; and P, placebo. Data points furthest from zero represent the greatest
differences between treatments. Mean values for maximum decrease in
FEV, with each treatment are given in Table 3. Error bars represent 95%

confidence intervals.
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Table 3. Maximum Percentage Decrease in FEV,; From Preexercise Values With LOCF by Scheduled Time of Exercise Challenge Testing

Formoterol, 12 pg Formoterol, 24 pg Albuterol, 180 ng Placebo
Time
Patients, No. LSM Patients, No. LSM Patients, No. LSM Patients, No. LSM
15 min 22 2.61 22 1.02 22 3.52 19 11.11
4 h 22 4.96 23 4.60 22 10.54 19 13.26
8h 22 5.55 23 3.84 22 8.26 20 13.17
12 h 22 7.61 23 5.99 22 9.39 20 11.11

Abbreviations: FEV,, forced expiratory volume in 1 second; LOCF, last observation carried forward; LSM, least squares mean.

treated patients (12 ug, n = 3; 24 pug, n = 1). Thus, the
results of more exercise tests were considered invalid for
analysis during albuterol and placebo treatments (10 and 8
tests, respectively) than during formoterol treatment (2 tests
with the 12-ug dose and 1 test with the 24-ug dose).

Results for the 8- and 12-hour time points were also
analyzed without LOCF, the 15-minute results being unaf-
fected by LOCF. Overall, the 8-hour results were similar
apart from larger estimated treatment differences between the
formoterol doses and albuterol, which were significant or
nearly so (formoterol, 24 ng, P = .016; formoterol, 12 ug,
P = .060). None of the estimated treatment differences at 12
hours were statistically significant.

Using the pretreatment (as opposed to preexercise) value of
FEV, as a baseline for the maximum percentage decrease in
FEV, resulted in larger differences between active treatments
and placebo. Compared with albuterol and placebo, formot-
erol (both doses) produced significantly smaller maximum
percentage decreases in FEV, 4, 8, and 12 hours after dose
administration (results not shown).

The results were also examined retrospectively to deter-
mine the proportions of patients who were protected from
EIB (protection being defined as <20% maximum percent-
age decrease in FEV, from the preexercise value) (Fig 2A).
Across all time points, formoterol, 12 and 24 ug, afforded
protection against EIB for 17 (77%) of 22 and 17 (74%) of 23
patients, respectively, compared with 8 (35%) of 23 patients
taking albuterol and 6 (27%) of 22 taking placebo. Using a
lower cutoff point defining protection as less than 10% max-
imum percentage decrease in FEV, from the preexercise
value, approximately twice the proportion of patients receiv-
ing formoterol were protected at all time points (12 ug, 36%
[8/22]; 24 wg, 39% [9/23]) compared with albuterol (17%
[4/23]) or placebo (18% [4/22]) (Fig 2B).

Safety

Seven of the 23 patients reported an adverse event: 2 during
each of the 2 formoterol treatment periods, 3 with albuterol,
and 2 with placebo (1 patient reported an event during each
of 3 treatment periods). All the events were mild or moderate;
none were considered study drug related. The most frequent
event was asthma, reported by 2 patients during the formot-
erol, 24 ng, treatment period; 2 during the albuterol treatment
period; and 1 in the placebo period. The other events were
aggravated allergy and nausea/vomiting during the formot-
erol, 12 g, treatment period; abdominal pain, diarrhea, and

vomiting during the albuterol treatment period; and dermatitis
during the placebo period. Two patients discontinued trial
participation because of adverse events: 1 experienced an
asthma exacerbation and the other experienced worsening
asthma. Both of these events had onset between visits and
were not considered to be causally related to the administra-
tion of any trial medication.

There were no differences between treatments in changes
in vital signs that were considered to be clinically important.
The mean QTc values from before treatment to after treat-
ment showed a 10-millisecond increase and a 5-millisecond
decrease with formoterol, 24 and 12 ug, respectively; a
1-millisecond increase with albuterol; and a 1-millisecond
decrease with placebo. The increase with formoterol, 24 ug,
was modest but statistically significant compared with the
other treatments, and individual data were, therefore, scruti-
nized. No patient experienced QTc prolongation beyond 60
milliseconds. Five patients experienced 30- to 60-millisecond
increases (formoterol, 12 g, n = 1; formoterol, 24 ug, n =
2; albuterol, n = 2; and placebo, n = 2). Four patients
experienced a QTc greater than 460 milliseconds: 2 were
baseline (predose) measurements, and 1 patient experienced 1
event each during albuterol and placebo treatments. The
maximum QTc values after administration of the dose were
449 milliseconds with formoterol, 12 ug; 457 milliseconds
with formoterol, 24 wg; 479 milliseconds with albuterol; and
462 milliseconds with placebo.

DISCUSSION

The results of this study involving 23 children aged 4 to 11
years showed that a single dose of formoterol (12 or 24 ug)
afforded greater protection against EIB compared with pla-
cebo and albuterol. Formoterol gave protection as early as 15
minutes after dose administration and at both doses retained
a significant difference over placebo at 4 and 8 hours and at
the 24-ug dose at 12 hours. Protection at 15 minutes was not
significantly different between formoterol and albuterol, and
both doses of formoterol afforded significantly greater pro-
tection against EIB 4 hours after dose administration, the
predefined primary efficacy variable.

The significant treatment contrasts in favor of both formoterol
treatments vs albuterol and placebo were also observed when
results were adjusted for multiplicity according to the Hochberg
method, and the results were similar whether LOCF was applied
or not to the analysis or whether carryover was fitted into the
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Figure 2. Percentage of patients protected from exercise-induced bron-
choconstriction with formoterol, albuterol, and placebo using 2 definitions of
protection: patients in whom maximum percentage decrease in forced expi-
ratory volume in 1 second (FEV,) was less than 20% from preexercise values
(A) and less than 10% from preexercise values (without last observation
carried forward) (B). F12 indicates formoterol, 12 ug; F24, formoterol, 24
ng; A, albuterol, 180 ug; P, placebo.

ANCOVA model. The consistency of findings between the
different methods of analysis confirms the efficacy of formoterol
at the 4-hour postdose time point for both doses. The use of
rescue medication was more frequent in the albuterol and pla-
cebo groups (10 and 8 patients, respectively) compared with the
formoterol groups (2 and 1 patient). The analyses at later time
points may, therefore, have been biased against formoterol be-
cause results in albuterol- and placebo-treated patients could
have improved as a result of earlier values being carried forward
in the analysis.

Although a treatment difference between formoterol and al-
buterol was not observed at 12 hours for the maximum percent-
age decrease in FEV,, the percentage of patients protected (max-
imum decrease <20%) at 12 hours was higher for both
formoterol doses than either albuterol or placebo (Fig 2A). After
treatment with formoterol, 12 or 24 ug, 77% and 74% of
patients, respectively, were protected across all time points,
more than double the percentage protected with albuterol (35%)
and placebo (27%). Using a more sensitive cutoff value defining
protection as a less than 10% maximum decrease in FEV|,
formoterol again afforded protection for twice the percentage of
patients protected with albuterol or placebo (Fig 2B).

Previous studies>® have demonstrated the protective effect
of formoterol against EIB in adults with asthma, with onset of
protection at 15 minutes and a duration of effect of 12 hours.
The results of the present study demonstrate a 15-minute
onset of protection and at least an 8-hour duration of effect in
children and confirm the results of previous studies’® in
pediatric patients showing a protective effect against EIB
using formoterol administered from a pressurized MDI.

Exercise-induced bronchoconstriction may have a particu-
larly damaging effect on children’s social and physical well-
being, preventing their play and sporting activities. A single
dose of a long-acting bronchodilator, such as formoterol, may
be useful when prevention of EIB is required for most of the
day. A simple regimen consisting of a single morning dose
may be particularly helpful for schoolchildren, when the
parent cannot monitor correct dosing of a shorter-acting agent
and school personnel may be unable to take on this respon-
sibility. The low requirement for additional bronchodilator
rescue medication observed with formoterol in this study may
also be helpful in these respects. In addition, the use of
albuterol rescue medication reflects the perception of the
child or the observer and may be a more meaningful indicator
than, for example, pulmonary function measurements, of
what happens in “real-world” practice.

In the present study, treatments were well tolerated and
adverse events were few and mild to moderate. Formoterol is
approved in the United States for occasional use to prevent
EIB and as regular (12 pg twice daily) maintenance treatment
for asthma in patients 5 years and older. “Occasional” use for
EIB is not defined, and, theoretically, a child who is active on
a daily basis might require a daily dose of formoterol. Al-
though such use has not been investigated, studies of regular
use of formoterol by children for up to 1 year have reported
satisfactory safety and efficacy.’

An appropriate approach to managing EIB is first to
ensure that the underlying asthma is well controlled with
anti-inflammatory therapy tailored to overall asthma se-
verity. This is best managed with an inhaled corticosteroid,
but alternatives may include treatment with a leukotriene
antagonist or cromones.’> Albuterol is recommended as
single-dose preventive therapy for EIB.> Among other
agents, orally administered leukotriene antagonists have an
onset of effect measured in hours,!> whereas cromones lack
a sufficient duration of effect and would have little advan-
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tage over albuterol.'® Of the 2 long-acting [,-agonists,
formoterol has an onset of effect similar to albuterol and
faster than salmeterol.!” The results of the present and
previous studies of formoterol in EIB>-8 suggest that for-
moterol is the preferred alternative to albuterol if a longer
duration of protective effect is required.

There have been concerns about possible loss of broncho-
protection when f3,-agonist bronchodilators are used regular-
ly.!® Indeed, a small study' in adults suggested that protec-
tion against EIB was reduced with regular twice-daily use of
formoterol. Similar results have been observed in larger stud-
ies? in adults with regular use of salmeterol. Although most
children whose asthma is well controlled by regular inhaled
corticosteroid therapy may be protected against EIB,> some
children may still exhibit symptoms provoked by exercise.?!
In others, EIB may seem to be an isolated phenomenon,
although it is widely acknowledged that in many children,
“isolated” EIB may in fact reflect underlying undiagnosed
chronic asthma.???® It is suggested that the requirement for
daily use of formoterol to prevent EIB should raise a serious
question about whether the child is in fact a candidate for
maintenance controller therapy with an inhaled corticosteroid
or other anti-inflammatory therapy, alone or with added ther-
apy with a long-acting f3,-agonist.

In summary, formoterol was well tolerated and provided
effective protection against EIB in the children studied, with
early onset and a long duration of effect. The finding that
inhalation of a single dose of the powdered form of formoterol
(Foradil Aerolizer) can provide prolonged protection against
EIB in children is consistent with that of previous studies using
formoterol MDIs in protecting against EIB, adding another
therapeutic option that may facilitate more normal participation
in play and other physical activity for children with asthma.
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Formoterol, 24 ng bid, and Serious
Asthma Exacerbations*

Similar Rates Compared With Formoterol, 12 pg
bid, With and Without Extra Doses Taken on
Demand, and Placebo

James Wolfe, MD, FCCP; Craig LaForce, MD; Bruce Friedman, MD;
William Sokol, MD; Denise Till, MSc; Giovanni Della Cioppa, MD; and
Andre van As, MD, PhD, FCCP

Study objectives: The primary objective was to determine whether high-dose formoterol, 24 g
bid, was associated with more asthma exacerbations compared with lower formoterol doses in
patients with stable persistent asthma. Serious asthma exacerbations (life threatening or requir-
ing hospitalization) were the primary end point. Secondary end points included significant
exacerbations requiring systemic corticosteroids, all exacerbations, and changes in FEV,.
Design: In a multicenter, placebo-controlled, parallel-group study, patients were randomized to
16 weeks of treatment with formoterol, 24 pg bid; formoterol, 12 pg bid, with up to two
additional 12-pg doses daily on demand for worsening symptoms (12 pg bid plus on demand);
formoterol, 12 pg bid; or placebo. The formoterol 12-pg-bid plus on-demand regimen was
administered open label, while the other three regimens were double blind.
Setting: Outpatient clinics.
Patients: A total of 2,085 patients aged = 12 years with stable, persistent asthma were enrolled
and treated; 65% (n = 1,347) received regular concomitant antiinflammatory therapy during the
study.
Measurements and results: Nine patients had respiratory-related serious adverse events (SAEs)
requiring hospitalization: two patients (0.4%) in the 24-pg-bid group; one patient (0.2%) in the
12-pg-bid plus on-demand group; five patients (0.9%) in the 12-pg-bid group; and one patient
(0.2%) in the placebo group. All of these events were asthma related, except for two SAEs in the
12-pg-bid group that were later considered not to be asthma related by independent reviewers
who were not associated with the conduct of the study. The proportions of patients with
significant asthma exacerbations (requiring systemic corticosteroids) were similar in the 24-pg-
bid group (6.3%, 33 of 527 patients), 12-pg-bid group (5.9%, 31 of 527 patients) and placebo
group (8.8%, 45 of 514 patients) and lower in the 12-pg-bid plus on-demand group (4.4%, 23 of
517 patients; p = 0.0057 vs placebo). All treatments were well tolerated. All formoterol treatment
regimens had a significant effect on FEV, measured 2 h after dose during the study (p < 0.0001
vs placebo); and on predose trough FEV, measured at all visits after baseline (p < 0.002 vs
placebo).
Conclusions: Treatment with formoterol, 24 pg bid, was not associated with an increase in serious
asthma exacerbations compared with the lower formoterol doses or placebo.

(CHEST 2006; 129:27-38)

Key words: adverse events; Aerolizer; asthma; bronchodilation; exacerbations; formoterol; high dose
Abbreviations: AE = adverse event; CI = confidence interval; DPI = dry powder inhaler; ED = emergency de]part-

ment; FDA = Food and Drug Administration; ICS = inhaled corticosteroids; ITT = intent to treat; LABA = long-
acting B,-agonist; SAE = serious adverse event

www.chestjournal.org CHEST /129 /1 /JANUARY, 2006 27

Downloaded from chestjournals.org on June 8, 2007
Copyright © 2006 by American College of Chest Physicians


http://www.chestjournal.org

he use of inhaled corticosteroids (ICS) is recom-

mended as a rational approach for the manage-
ment of underlying airway inflammation that results
in the many manifestations of asthma. This approach
is often supplemented with short-acting, inhaled,
Bs-agonist bronchodilators, which provide symptom-
atic relief. The introduction of long-acting B,-ago-
nists (LABAs; formoterol and salmeterol) has re-
sulted in improved outcomes when they are used

For editorial comment see page 3

concurrently with ICS, compared with use of either
monotherapy alone. Both LABAs are classified as
controller medications for use in patients with per-
sistent asthma and are usually recommended for use
in conjunction with ICS.1.2

Formoterol and salmeterol have a similar duration
of bronchodilation of at least 12 h, but formoterol
has a fast onset of action of <3 min, whereas
salmeterol can take up to approximately 20 min to
produce clinically relevant bronchodilation.?% For-
moterol has been available for > 10 years, originally
as a pressurized metered-dose inhaler and subse-
quently as a dry powder inhaler (DPI), and has been
shown to be well tolerated and effective in long-term
studies.®1? Formoterol was approved in Europe and
worldwide in the mid-1990s; subsequently, a single-
dose DPI (Foradil Aerolizer; Novartis Pharmaceuti-
cals; East Hanover, NJ) was approved in 2001 by the
US Food and Drug Administration (FDA) for use as
maintenance treatment of asthma and COPD at a
dose and schedule of 12 wg (one capsule) inhaled
bid. Treatment with formoterol DPI has been shown
to be effective and well tolerated in children and
adults with asthma in studies up to 1 year in dura-
tion.11-15
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The safety of LABAs has been the focus of much
recent discussion after a placebo-controlled study in
approximately 26,000 patients revealed a small but
significant increase in asthma-related deaths among
patients receiving salmeterol.'® In the case of for-
moterol, concerns were raised about a possible link
between the use of higher doses of this agent (24 pg
bid via single-dose DPI) and an increase in serious
asthma exacerbations, based on findings from two
12-week studies and a 1-year study.""™*'" Using the
frequency of the serious asthma exacerbations in
these three studies, the present study in more than
2000 asthma patients was designed and powered to
answer the latter question. We therefore evaluated
the safety and efficacy of the 24-ug-bid dose (ap-
proved in most countries, but not in the United
States) taken for 16 weeks in adolescents and adults
with stable persistent asthma compared with the
12-pg-bid regimen (approved in the United States)
and an open-label arm that allowed use of formot-
erol, 12 g bid, with up to two additional 12-ug
doses taken as needed (12 pg bid plus on demand)
and placebo. The primary end point was the percent-
age of patients with serious asthma exacerbations.

MATERIALS AND METHODS

Study Design

This was a 2,085-patient, multicenter, randomized, parallel-
group, double-blind, placebo-controlled study with a 2-week
run-in and a 16-week treatment period during which patients
visited the clinic at 4-week intervals. At baseline, patients were
evaluated for medical history, vital signs, physical examination,
history of asthma treatment and asthma exacerbations, broncho-
dilator reversibility testing, and ECG. Blood and urine samples
were collected for laboratory testing. At each visit, vital signs and
physical examination were repeated and information was gath-
ered on medication use, adverse events (AEs), and emergency
department (ED) visits. FEV| was measured at each visit before
the administration of study drug or placebo, and 2 h after dose.
Patients completed a questionnaire on their satisfaction with
their asthma management prior to and at the end of the
treatment period.

Inclusion/Exclusion Criteria

Male and female patients aged =12 years with persistent
asthma were enrolled at 194 outpatient asthma clinics across the
United States. Among the inclusion criteria were appropriate
treatment for asthma according to management guidelines?;
FEV, =40% of predicted normal following washout from in-
haled bronchodilator treatment; and FEV, reversibility = 12%
after inhalation of up to four puffs of albuterol (360 pg) at
screening or documented within the past year.

Exclusion criteria included pregnancy, nursing, or child-bear-
ing potential and absence of reliable contraception; clinically
significant cardiovascular disease; malignancy; history of insulin-
dependent diabetes mellitus; upper respiratory tract infection 1
month before and during the run-in period; a recent or > 10
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pack-year smoking history; ED or hospital treatment for an acute
asthma attack 1 month before or during the run-in; and any
significant medical condition or laboratory profile that might
compromise patient safety or adherence. Also excluded were any
patients receiving parenteral, oral, or nebulized By-agonists in the
2 weeks before or during the run-in period; systemic corticoste-
roids, nedocromil, or ketotifen in the 1 month before run-in;
astemizole or desensitization therapy initiated in the 3 months
before run-in; antihistamines that could affect the QTc interval;
nonpotassium-sparing ~ diuretics;  B-blockers;  quinidine-like
agents; and tricyclic antidepressants, fluoxetine, or monoamine
oxidase inhibitors. Fixed-combination LABAs and ICS were
discontinued, and the same dose of the same ICS was prescribed
as monotherapy, with stable treatment for at least 1 month before
randomization.

Informed consent was obtained from all patients prior to any
study procedures. The study was performed in accordance with
the Helsinki Declaration of 1964 (amended 1975, 1983, 1989,
1996) and approved by the review boards of the participating
centers.

Study Treatment

Eligible patients were randomized to one of four treatment
groups: (1) formoterol, 24 pg bid, double blind; (2) open-label
formoterol, 12 wg bid, with up to 2 additional 12-pg daily doses
of formoterol as needed for worsening symptoms (12 g bid plus
on demand); (3) formoterol, 12 pg bid, double blind; or (4)
placebo, double blind. Study medications were administered by
inhalation from a single-dose DPI bid between 6 aM and 9 AM
(morning dose) and 6 PM and 9 PM (evening dose). The extra (up
to two daily) doses of formoterol in the 12-ug-bid plus on-
demand study arm were also administered from the single-dose
DPI. The capsules containing formoterol and placebo were
identical in appearance. The planned duration of study treatment
was 16 weeks.

Concomitant Medication

Patients in the three double-blind treatment groups were
allowed rescue medication (albuterol pressurized metered-dose
inhaler, 90 pg per actuation; up to eight puffs per day) for
worsening symptoms. Patients in the formoterol 12-ug-bid plus
on-demand group were allowed up to four puffs per day of
albuterol as rescue medication, after receiving the two additional
12-pg daily doses of formoterol on demand. At each postrandom-
ization visit, investigators recorded the number of rescue formot-
erol capsules inhaled since the last visit. The total formoterol
intake was not to exceed 48 pg/d.

Antiinflammatory therapy with inhaled (and intranasal) corti-
costeroids, leukotriene antagonists, and inhaled cromolyn was
recommended but not mandatory. The antiinflammatory regi-
men was kept stable for at least 3 weeks before randomization.
Initiation of recommended antiinflammatory treatment de-
scribed above was allowed at any time during the course of the
study if deemed necessary by the investigator. Sustained-release
theophylline was permitted with individual minor dose adjust-
ments as necessary. Systemic corticosteroids or antichohnergic
agents were allowed only to treat an intercurrent asthma exacer-
bation.

Study End Points
Serious Asthma Exacerbations: This was the primary outcome

variable of this study, and was the percentage of patients with
defined (prior to unblinding the treatment codes) preferred
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terms in the Medical Dictionary of Regulatory Activities, as one
or more of the following asthma-related AEs: chest discomfort,
asthma, cough, wheezing, dyspnea, dyspnea exacerbated, status
asthmaticus, respiratory distress, bronchospasm, acute respira-
tory failure, and hypoxia. In this context, “serious” signifies that
the AE is fatal or life threatening, or requires or prolongs
hospitalization.

Significant Asthma Exacerbations: This was defined as asthma-
related AEs (using preferred terms as above) that required oral or
parenteral corticosteroid use but did not necessarily qualify to be
defined as serious.

Combined Serious Asthma Exacerbations, Asthma-Related
Discontinuations, and ED Visits for Asthma: In order to increase
the chance of detecting any safety signal, this variable combined
the proportions of patients experiencing a serious asthma exac-
erbation or discontinuing the study prematurely due to an
asthma-related AE, or having an asthma-related ED visit during
the study.

All Asthma-Related AEs: This variable included all asthma-
related AEs (regardless of severity).

All AEs newly occurring or worsening in severity during
treatment were assessed, and vital signs were monitored. It was
planned to follow up all patients in this study for 16 weeks,
including those who were discontinued prematurely for any
reason.

Efficacy was a secondary objective of the study and was
evaluated at clinic visits based on predose and 2-h postdose
FEV,. Patients were asked to avoid taking rescue albuterol for
the 8-h period prior to a visit and not to take rescue formoterol
after the dose of the previous evening unless absolutely neces-
sary, in order to avoid affecting FEV| measurements at that visit.
However, any such use of rescue medication was recorded in
order to evaluate any differences between groups that could
influence the FEV, data by rescue treatment intervention.

The questionnaire assessing the patient’s satisfaction with their
asthma management at the start and end of the treatment period
assigned a value from 1 (lowest level) to 5 (highest level of
satisfaction) in response to the question, “How do you rate your
current asthma treatment and the way it helps you control your
asthma?”

Statistical Analysis

The safety and intent-to-treat (ITT) populations comprised all
randomized patients who received at least one dose of study
medication. Additional subpopulations were defined based on
regular use of antiinflammatory medication.

The number of patients having a serious asthma exacerbation,
a significant exacerbation, any asthma-related AE, and premature
discontinuations due to asthma were compared between treat-
ment groups using Fisher’s exact test. The end points involving
serious asthma exacerbations and premature discontinuations
due to asthma were prospectively determined in the protocol;
however, the corresponding inferential analyses were determined
post hoc. In the original analysis plan, it was decided not to
conduct inferential analyses on these end points because of the
small number of qualifying events. Likewise, all the subgroup
analyses based on antiinflammatory use were determined post
hoc.

Additionally, the number of patients experiencing a serious
asthma exacerbation or a premature discontinuation due to
asthma or an ED visit due to asthma (combined end point) was
analyzed in the same way. As these three qualifying features are
not mutually exclusive, each event with multiple qualifying
features was counted only once in the combined end point. This
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end point was defined and analyzed post hoc. No imputation of
events was made for patients discontinuing early for any of these
safety variables.

Predose and postdose FEV, measurements were analyzed
using an analysis of covariance model controlling for treatment,
baseline FEV,, gender, and center. All FEV, values were
included regardless of rescue medication usage. Vital signs were
analyzed using analysis of covariance similar to that used for
FEV,. The patient satisfaction questionnaire was analyzed using
the van Elteren test stratified by center. All treatment compari-
sons were made at the 5% significance level (two sided).

The trial was designed to detect a difference in the percentage
of patients having a serious asthma exacerbation between the
24-pg-bid group and the 12-pg-bid group during the 16-week
treatment period. Using a two-sided test, approximately 500
patients per group were required to give 80% power to detect a
rate of serious asthma exacerbations of 4.5% in the formoterol
24-pg-bid group vs 1.5% in the formoterol 12-pg-bid group as
being statistically significant at the 5% level. This trial design,
including the assumed rates for serious exacerbations, was pro-
spectively agreed on with the Pulmonary-Allergy Division of the
FDA in response to a review of Foradil safety.

REsuLTS
Patients
A total of 2,085 patients were treated. Demo-

graphic and baseline characteristics of the ITT pop-
ulation were similar across the treatment groups

(Table 1), and asthma severity was comparable. Most
patients demonstrated a stable history of asthma in
the previous year: 20.4% (426 of 2,085 patients) had
nonscheduled physician visits, 16.7% (349 of 2,085
patients) had exacerbations that were treated by oral
corticosteroids, and 6.7% (140 of 2,085 patients) had
ED visits for asthma. Hospitalizations were rare in
the year before enrollment (1.5%; 32 of 2,085 pa-
tients).

The numbers of patients in the ITT population
and analysis subpopulations based on the use of
regular antiinflammatory therapy are given in Table
2. Nearly two thirds of the patients (62.4%, 1,302 of
2,085 patients) received regular antiinflammatory
therapy, typically ICS, throughout the study. Forty-
five patients (2.2%) commenced regular antiinflam-
matory treatment during the study. The majority of
patients (88.2%, 1,838 of 2,085 patients) received
study treatment for at least 3 months (> 84 days),
and most (62.7%, 1,307 of 2,085 patients) received it
for at least 4 months (> 112 days).

Overall, 14.1% (294 of 2,085 patients) discontin-
ued treatment. Discontinuation rates were similar in
each of the treatment groups: 14.0% (74 of 527
patients) in the formoterol 24-pg-bid group, 13.2%
(68 of 517 patients) in the formoterol 12-pg-bid plus

Table 1—Baseline Demographics and Disease Characteristics (ITT Population)

Formoterol, 24 pg Formoterol, 12 g bid Plus Formoterol, 12 pg Placebo
Variables bid (n = 527) on Demand (n = 517) bid (n = 527) (n =514)
Age, yr
Mean (SD) 38.5 (15.96) 36.9 (15.93) 39.2 (17.24) 37.8 (15.76)
Median 38.0 37.0 39.0 38.0
Range 12-78 12-76 12-82 12-81
Age group, No. (%)
12-18 yr 72 (13.7) 85 (16.4) 81 (15.4) 76 (14.8)
19-64 yr 426 (80 8 410 (79.3) 403 (76.5) 410 (79.8)
65-T4 yr 26 (4.9 20 (3.9) 32(6.1) 25 (4.9)
> T4 yr 3(0. ) 2(0.4) 11 (2.1) 3(0.6)
Male gender, No. (%) 234 (44.4) 240 (46.4) 251 (47.6) 211 (41.1)
Race, No. (%)
White 411 (78.0) 401 (77.6) 430 (81.6) 402 (78.2)
Black 75 (14.2) 73 (14.1) 59 (11.2) 61 (11.9)
Oriental 11(2.1) 11(2.1) 10 (1.9) 14 (2.7)
Other 30 (5.7) 32 (6.2) 28 (5.3) 37(7.2)
Duration of asthma, yr
Mean (SD) 21.1 (14.09) 19.8 (14.11) 21.1 (14.52) 20.1 (14.08)
Median 18.0 16.0 18.0 17.0
Range 0-72 0-66 0-80 0-71
FEV, at baseline, L
Mean (SD) 2.35(0.71) 2.42 (0.69) 2.35 (0.70) 2.37 (0.70)
Range 0.82-4.95 0.93-4.78 0.75-5.01 0.67-4.53
FEV, at baseline, % predicted
Mean (SD) 68.5 (14.85) 69.5 (13.78) 68.2 (13.20) 69.0 (13.24)
Range 35.2-123.6 36.6-119.7 38.7-105.5 39.9-107.8
FEV, reversibility at screening, %
Mean (SD) 23.1 (16.69) 21.4 (12.33) 23.2 (14.88) 22.6 (13.01)
Range — 15.4-196.4 —4.4-1219 —8.1-121.8 — 7.4-119.2
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Table 2—Use of Antiinflammatory Therapy During Study*

Formoterol, 24 pg

Formoterol, 12 pg bid Formoterol, 12 pg

Groups bid Plus on Demand bid Placebo
Treated patients (ITT and safety populations) 527 (100) 517 (100) 527 (100) 514 (100)
Patients receiving no regular 182 (34.5) 186 (36.0) 196 (37.2) 174 (33.9)
antiinflammatory therapy during study
Patients receiving regular antiinflammatory 338 (64.1) 318 (61.5) 322 (61.1) 324 (63.0)
therapy throughout study
Patients receiving regular antiinflammatory 7(1.3) 13 (2.5) 9(1.7) 16 (3.1)

therapy added after baseline

*Data are presented as No. (%).

on-demand group, 13.7% (72 of 527 patients) in the
formoterol 12-wg-bid group, and 15.6% (80 of 514
patients) in the placebo group. The most common
primary reasons for discontinuation were AEs (4.9%
overall: 7.4% [39 of 527 patients] for formoterol 24
pg bid [the increase in this group was mainly due to
Bs-adrenoceptor-mediated effects such as tremor;
see later section for details]; 4.1% [21 of 517 pa-
tients] for formoterol 12 pg bid plus on demand;
4.2% [22 of 527 patients] for formoterol 12 ug bid,
and 4.1% [21 of 514 patients] for placebo) and
withdrawal of consent (3.7% overall: 3.0% [16 of 527
patients] for formoterol 24 wg bid; 3.7% [19 of 517
patients] for formoterol 12 pg bid plus on demand,;
2.5% [13 of 527 patients] for formoterol 12 ug, and
5.6% [29 of 514 patients] for placebo). Other reasons
for dropout were loss of patient to follow-up (1.8%
overall), protocol violation (1.7%), unsatisfactory
therapeutic effect (1.0%), administrative problems
(0.8%), and abnormal (nonblood) test procedure
results (0.2%).

Safety Results

Serious Asthma Exacerbations: Nine patients
(< 1% in each treatment group) had serious respi-
ratory-related adverse events, all needing hospital-
ization (Table 3). Figure 1 shows the estimated
differences between groups in the percentage of
patients with these events. There were no statistically
significant differences between the treatment groups
(p>0.21).

Table 3—Respiratory-Related SAEs
(Requiring Hospitalization)

Treatments No. No. % 95% CI
Formoterol, 24 pg bid 527 2 04  0-09
Formoterol, 12 pg bid plus on demand 517 1 02  0-0.6
Formoterol, 12 ug bid 527 5% 09 0.1-18
Placebo 514 1 0.2 0-0.6

Formoterol combined (three groups) 1571 8 05 0.2-0.9

*Two patients had respiratory events that were not asthma related.
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An assessment of the medical histories of the nine
events revealed that two events, both in the lower-
dose formoterol 12-pg-bid group, were unrelated to
asthma. An independent assessment of the serious
asthma events in this trial was recorded in a report at
the time of the FDA Pulmonary and Allergy Dis-
eases Advisory Committee meeting of July 13, 2005
on the safety of B,-agonists.'® The two cases deemed
not to be asthma related were as follows: (1) a
78-year-old, white woman who had a myocardial
infarction on day 43 of the study and had severe
breathlessness as a result, and (2) a 37-year-old white
woman who had severe gastroesophageal reflux and
was hospitalized for pneumonia on day 63 of the
study. When these two events are excluded from the
analysis, the incidence of patients experiencing a
serious exacerbation in the formoterol 12-pg-bid
group is 0.6% (95% confidence interval [CI], 0.0 to
1.2%). The distribution of these events showed no
dose-response relationship. There were no statisti-
cally significant differences between any groups
(p > 0.62).

Significant Asthma Exacerbations Requiring Sys-
temic Corticosteroids: The percentage of patients
with significant asthma exacerbations, ie, requiring a
course of oral or parenteral corticosteroid, were
6.3% (33 of 527 patients) in the formoterol 24-ng-
bid group, 4.4% (23 of 517 patients) in the formot-
erol 12-pg-bid plus on-demand treatment group,
5.9% (31 of 527 patients) in the formoterol 12-ug-
bid group, and 8.8% (45 of 514 patients) in the
placebo group (Table 4). The only statistically signif-
icant treatment contrast occurred between the for-
moterol 12-pg-bid plus on-demand group and pla-
cebo group (p = 0.0057). Among patients receiving
regular antiinflammatory therapy (Table 4), the for-
moterol treatment groups had fewer patients with
significant exacerbations (5 to 7%) compared with
placebo (11%); this difference was statistically signif-
icant for the formoterol 12-pg-bid plus on-demand
group compared with placebo (p = 0.0059). In pa-
tients without regular antiinflammatory therapy (Ta-
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FIGURE 1. Estimated treatment differences (with 95% ClIs) for percentage of patients with a

respiratory-related SAE.

ble 4), proportions of patients with significant exac-
erbations were similar in all the treatment groups
(p > 0.46).

Combined Serious Asthma Exacerbations, Asth-
ma-Related Discontinuations, and ED Visits for
Asthma: The proportions of patients experiencing a
serious asthma exacerbation or discontinuing the
study prematurely due to an asthma-related AE, or
having an asthma-related ED visit during the study
on the four treatments were as follows in the follow-
ing subgroups: (1) all patients: 4.2% (22 of 527
patients) in the 24-pg-bid group, 3.5% (18 of 517
patients) in the formoterol 12-ug-bid plus on-de-
mand group, 3.0% (16 of 527 patients) in the

12-pg-bid group, and 4.5% (23 of 514 patients) in
the placebo group. There were no statistically signif-
icant differences between the treatments (p > 0.25);
(2) patients who received regular antiinflammatory
therapy: 4.1% (14 of 345 patients) in the 24-pg-bid
group, 2.4% (8 of 331 patients) in the formoterol
12-pg-bid plus on-demand group, 2.4% (8 of 331
patients) in the 12-pg-bid group, and 4.1% (14 of
340 patients) in the placebo group (p > 0.27 for all
pairwise comparisons); (3) patients who did not
receive regular antiinflammatory therapy: 4.4% (8 of
182 patients) in the 24-pg-bid group, 5.4% (10 of
186 patients) in the formoterol 12-pg-bid plus on-
demand group, 4.1% (8 of 196 patients) in the
12-pg-bid group, and 5.2% (9 of 174 patients) in the

Table 4—Patients With Significant Asthma Exacerbations Requiring Systemic Corticosteroids™*

Formoterol, Formoterol, 12 pg bid Formoterol,
Variables 24 pg bid Plus on Demand 12 pg bid Placebo
All patients (safety population) 33/527 (6.3) 23/517 (4.4)t 31/527 (5.9) 45/514 (8.8)
Patients receiving antiinflammatory 23/345 (6.7) 16/331 (4.8)% 23/331 (6.9) 36/340 (10.6)
therapy (throughout study or added after
baseline)
Patients without regular antiinflammatory 10/182 (5.5) 7/186 (3.8) 8/196 (4.1) 9/174 (5.2)

therapy during study

*Data are presented as No./total (%).

fTreatment difference vs placebo was significantly different (p = 0.0057).
{Treatment difference vs placebo was significantly different (p = 0.0059).
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placebo group (p > 0.62 for all pairwise compari-
SOnSs).

All Asthma-Related AEs: The proportion of pa-
tients with any asthma-related AEs was similar in the
formoterol 24-pg-bid and 12-pg-bid groups and not
significantly different from placebo (p > 0.38). Sig-
nificantly fewer patients had asthma-related AEs in
the formoterol 12-pg-bid plus on-demand group
than in the placebo group (p = 0.0094) [Table 5].

When the total number of asthma-related AEs was
broken down into those patients with and without
antiinflammatory treatment, similar results were
noted (Table 5). In the former, fewer patients in the
formoterol 24-pg-bid and 12-pg-bid groups had
asthma-related AEs compared with placebo, al-
though these differences were not significantly dif-
ferent (p > 0.29). There was, however, a significant
difference between the formoterol 12-wg-bid plus
on-demand group and placebo (p = 0.0092). In pa-
tients not receiving antiinflammatory medication,
the differences between groups were smaller, again
with no statistical significance (p > 0.51).

The proportions of patients with asthma-related
AEs leading to premature discontinuation were not
statistically significantly ~different between any
groups (p > 0.25) [Table 5]. When examining the
asthma-related discontinuations in patients receiving
antiinflammatory treatment, there were no signifi-
cant differences between any groups (p > 0.14).
Similar data, but with smaller differences, were
obtained for patients not receiving antiinflammatory
treatment (p > 0.42) [Table 5].

Other AEs

Overall AE rates are shown in Table 6. Most were
mild or moderate in severity. Overall, 9% of patients
had AEs that were suspected as being related to
study drug: 15% in the 24-pg-bid treatment group,
and 6%, 8%, and 6% for formoterol 12-pg-bid plus
on-demand group, formoterol 12-pg-bid group, and

placebo, respectively. The higher rate in the 24-pg-
bid group was primarily related to higher rates of
tremor, “feeling jittery,” and insomnia, which are
typical for the B,-agonist class.!® These were also the
primary cause for the increased dropout rate among
those patients who discontinued treatment because
of an AE in the 24-pg-bid group (overall rate, 7.0%
[37 of 527 patients], compared with 3.9% [20 of 517
patients] in the 12-wg-bid plus on-demand group,
3.8% [20 of 527 patients] in the 12-pg-bid group,
and 4.1% [21 of 514 patients] in the placebo group).
In the formoterol 24-ug-bid group, no case of tremor
and only one report of insomnia were classified as
severe.

The number of patients with cardiac disorders was
low and comparable across treatment groups (seven
patients in the 24-pg-bid group, five patients in the
12-pg-bid plus on-demand group, six patients in the
12-pg-bid group, and four patients in the placebo
group). All cases were mild or moderate in severity,
apart from two patients in the 12-pg-bid group: one
patient with frequent ventricular extrasystoles and
another patient who had a myocardial infarction.

The frequency of serious AEs (SAEs) was low and
similar across the treatment groups (1 to 2%). Two
patients had SAEs that were suspected to be related
to study medication. One patient in the 12-pg-bid
group (the same patient mentioned previously) had a
myocardial infarction and respiratory distress. One
patient in the placebo group required hospitalization
for an asthma exacerbation. In both cases, study
medication was discontinued. There were no deaths

during the study.

Vital Signs

There were no clinically meaningful differences
between treatment groups in pulse rate and BP.

Patient Satisfacti(m Questionnaire

The scores showed that more patients in the active
treatment groups believed their asthma control was

Table 5—Patients With Asthma-Related AEs and Withdrawals Due to Asthma-Related AEs*

Formoterol, 24 pg

Formoterol, 12 pg bid Formoterol, 12 pg

Variables bid Plus on Demand bid Placebo
Any asthma-related AEs 72/527 (13.7) 53/517 (10.3)t 74/527 (14.0) 81/514 (15.8)
Patients receiving antiinflammatory therapy 48/345 (13.9) 33/331 (10.0)% 49/331 (14.8) 58/340 (17.1)
Patients not receiving antiinflammatory therapy 24/182 (13.2) 20/186 (10.8) 25/196 (12.8) 23/174 (13.2)
Withdrawals due to asthma-related AEs 12/527 (2.3) 7/517 (1.4) 7/527 (1.3) 12/514 (2.3)
Patients receiving antiinflammatory therapy 9/345 (2.6) 3/331 (0.9) 5/331 (1.5) 8/340 (2.4)
Patients not receiving antiinflammatory therapy 3/182 (1.6) 4/186 (2.2) 2/196 (1.0) 4/174 (2.3)

*Data are presented as No./total (%).

fTreatment difference vs placebo is significantly different (p = 0.0094).
{Treatment difference vs placebo is significantly different (p = 0.0092).
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Table 6—Patients With Most Frequent AEs (= 2% for Any Group) [Safety Population]*

Formoterol, 24 pg Formoterol, 12 pg bid Plus ~ Formoterol, 12 pg Placebo
Variables bid (n = 527) on Demand (n = 517) bid (n = 527) (n = 514)
Patients with AEs 321 (60.9) 285 (55.1) 279 (52.9) 291 (56.6)
AEs, No. 674 530 630 552
AEs, preferred term
Asthma 56 (10.6) 39(7.5) 53 (10.1) 68 (13.2)
Upper respiratory tract infection 49 (9.3) 59 (11.4) 49 (9.3) 63 (12.3)
Sinusitis 25 (4.7) 24 (4.6) 32(6.1) 22 (4.3)
Nasopharyngitis 32(6.1) 39(7.5) 28 (5.3) 25 (4.9)
Headache 18 (3.4) 20 (3.9) 23 (4.4) 23 (4.5)
Pharyngolaryngeal pain 15 (2.8) 10 (1.9) 17 (3.2) 11 (2.1)
Nasal congestion 9(1.7) 13 (2.5) 17 (3.2) 5(1.0)
Bronchitis 11 (2.1) 9(1.7) 16 (3.0) 8(1.6)
Cough 10 (1.9) 13 (2.5) 15 (2.8) 7(1.4)
Tremor 25 (4.7) 6(1.2) 5(0.9) 3(0.6)
Viral upper respiratory tract infection 12 (2.3) 3(0.6) 5(0.9) 6(1.2)
Feeling jittery 16 (3.0) 3(0.6) 2(0.4) 2(0.4)
Insomnia 14 (2.7) 3(0.6) 2(0.4) 4(0.8)

*Data are presented as No. (%) unless otherwise indicated.

improved during the study compared with placebo.
At baseline, the number of patients recording scores
of 4 or 5 (the two highest levels of satisfaction) was
57% (24 ng bid), 56% (12 g bid plus on demand),
60% (12 g bid), and 53% (placebo). At the final
visit, this had increased to 73 to 76% for the
formoterol groups and had remained similar for the
placebo group (54%). Results were statistically sig-
nificantly in favor of formoterol (all three groups;
p < 0.0001) compared with placebo. The formoterol
12-pg-bid plus on-demand group (76%) and formot-
erol 12-ug-bid group (73%) were significantly differ-
ent (p <0.01).

Efficacy

All three formoterol treatment groups achieved
statistically significant (p < 0.0001) and clinically
relevant estimated treatment differences of 270 to
320 mL compared with placebo in FEV, measured
2 h after dose after the first dose and after 16 weeks
of treatment (Fig 2). A significant treatment differ-
ence of = 240 mL between formoterol treatment
regimens and placebo was maintained at all study
visits (p < 0.0001). Comparisons between the for-
moterol treatment groups (not shown in Fig 2)
showed that there was a 50-mL statistically signifi-
cant difference between the formoterol 24-ug-bid
and 12-pg-bid groups (p = 0.0065) in favor of the
higher dose for FEV, measured after the first dose,
but not at the end of 16 weeks of treatment.

Predose FEV, was consistently statistically signif-
icantly superior in the three formoterol treatment
groups compared with placebo at weeks 4, 8, 12, and
16 (p = 0.0012), with a consistent estimated treat-
ment difference of approximately 100 mL. There
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were no clinically relevant or statistically significant
differences between the three formoterol groups at
any time point.

During the 8-h period prior to the study visit at
week 16 (when patients were asked to refrain from
using rescue medication), rescue albuterol was used
by 12.0% (55 of 458 patients) in the formoterol
24-pg-bid group, 9.7% (44 of 453 patients) in the
formoterol 12-pg-bid plus on-demand group, 10.1%
(46 of 457 patients) in the 12-pg-bid group, and
15.5% (68 of 438 patients) in the placebo group,
which represents a decline in all groups of one to two
percentage points from week 4. In the formoterol
12-pg-bid plus on-demand group, 62% (289 of 446
patients) used rescue formoterol at least once during
the first 4 weeks of treatment, declining to 48.6%
(209 of 430 patients) in the final 4 weeks.

DiscussioN

This study was carried out as a postapproval safety
commitment to the FDA. The concern that
prompted the study is summarized in an article by
Mann and colleagues'” published in 2003. Mann and
colleagues!™ reviewed the three pivotal trials submit-
ted to the FDA to support the approval of Foradil
Aerolizer (Novartis Pharmaceuticals) in the United
States, published individually elsewhere.!-13 Each
of these trials showed a somewhat higher incidence
of asthma-related SAEs in patients treated with
formoterol 24 pg bid compared with those receiving
formoterol 12 wg bid and placebo. Only one of the
studies!2 also showed a small imbalance for the
formoterol 12-pg-bid dose vs placebo. Mann and
colleagues!'” concluded that regular treatment with
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FIGURE 2. Estimated treatment differences (with 95% CIs) for FEV, measured 2 h after dose after first
dose (open circles) and after 16 weeks of treatment (closed circles) for formoterol treatments vs
placebo. All estimated treatment differences were statistically significant (p < 0.0001).

high-dose formoterol (24 pg bid) may be associated
with more frequent serious asthma exacerbations
compared with the lower dose of 12 wg that was
approved in the United States. The primary objec-
tive of the present study was to test the hypothesis of
a dose-related increase in serious asthma exacerba-
tions. Data from other large studies conducted with
formoterol Aerolizer did not reflect a higher inci-
dence of asthma-related SAEs in patients treated
with formoterol 24 wg bid compared with those
receiving formoterol 12 wg bid and placebo.2¢

Another large safety study that raised a related
concern, although more specific to mortality, is the
Salmeterol Multicenter Asthma Research Trial
(SMART), in which the long-acting B,-agonist sal-
meterol was compared to placebo. This study, involv-
ing > 26,000 patients, was prematurely halted after
interim findings suggested patients treated with sal-
meterol were at higher risk of asthma-related deaths
and “near-death” experiences (intubation and me-
chanical ventilation) compared with those receiving
placebo. The SMART study is published in this
issue."®

No deaths occurred in the present study. There
were very few serious asthma-related exacerbations,
far fewer than expected in the planning of the
sample size based on previous data. Additionally, the
results do not confirm the previous observation of a
dose-dependent increase in serious asthma exacer-
bations. The primary end point of the study, serious
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asthma exacerbations, was no different from placebo
in all three formoterol treatment arms, and the
overall incidence was < 1%.

An accepted and clinically meaningful category of
asthma exacerbations is represented by those pa-
tients requiring a course of systemic corticosteroids
(referred to as a significant asthma exacerbation in
the present study). There were fewer significant
asthma exacerbations in the formoterol groups than
in the placebo group, although statistical significance
was only reached in the contrast between the open-
label formoterol 12-pg-bid plus on-demand group
and placebo (Table 4).

By combining serious asthma exacerbations and/or
premature discontinuations due to asthma and/or
ED visits due to asthma as a post-hoc analysis, a
larger number of events becomes available for anal-
ysis and makes the chance of detecting a safety signal
more meaningful. This analysis showed a very similar
rate across the three formoterol dose levels and
placebo. While this study was not designed to com-
pare patients receiving antiinflammatory medica-
tions or not, for the combined end point we observed
a slightly higher frequency of events in patients not
receiving concomitant antiinflammatory medications
than in those receiving them. Therefore, in keeping
with currently accepted guidelines, it is recom-
mended that LABAs be used in conjunction with an
appropriate antiinflammatory agent.

The present study was designed with safety as the
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primary outcome, while efficacy (FEV,) was a sec-
ondary outcome. As expected, relative to placebo,
each of the three formoterol treatment regimens had
a significant effect on lung function measured before
the morning dose of study treatment and measured
2 h after dose. The measurements of patient satis-
faction with their asthma management favored the
active treatment groups and were consistent with the
improvements in FEV,, indicating that formoterol
use was associated with improved asthma control.
This improved control is also reflected in the lower
frequency of asthma-related events in the formoterol
treatment groups compared with placebo (Tables 4,
5). This difference reached statistical significance in
the open-label formoterol 12-pg-bid plus on-de-
mand group as compared with placebo. This suggests
that, with the exception of serious asthma exacerba-
tions, the less serious events can be better controlled
with the on-demand use of formoterol together with
regular use than with albuterol on demand. This was
the only open-label treatment arm of the study, and
these results should be interpreted with caution.
Although the frequency of serious asthma AEs was
smaller than anticipated, this study does not suggest
an increased rate of clinically serious exacerbations
in formoterol-treated patients, either dose related or
overall. This conclusion is further supported by the
fact that there was no difference in the frequency of
significant asthma exacerbations requiring oral ste-
roids or an increase in frequency of all asthma-
related events combined compared with placebo.
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Abstract

Background: Chronic obstructive pulmonary disease
(COPD) management guidelines recommend reguiar
treatment with one or more long-acting bronchodilators
for patients with moderate to severe COPD. Objective:
To compare the onset and duration of action of formoter-
ol and tiotropium in patients with COPD. Methods: This
randomized, muiticentre, open-label crossover study in
38 patients with COPD (mean age 64 years; mean FEV,
55% predicted) assessed the effect of 7 days of treatment
with formoterol (12 g b.i.d. via Foradil® Aerolizer®) vs.
tiotropium (18 pg o.d. via Spiriva® HandiHaler®) on lung
function measured over a period of 12 h after the first
dose on day 1 and the last dose on day 8. Results: The
primary efficacy variable, FEV,-AUC during the first 2 h
post-dose (FEV{-AUC 4.120 min). Was significantly higher
for formoterol compared with tiotropium, with between-
treatment differences of 124 mi (p = 0.016) after the first
dose and 80 ml (p = 0.036) after 7 days’ treatment in fa-
vour of formoterol. FEV, measured 12 h after inhalation

did not differ statistically significantly between treat-
ments. Adverse events occurred in 2 (5%) patients after
treatment with formoterol and in 5 (12%) patients after
treatment with tiotropium. Conclusion: This study dem-
onstrates faster onset of action and greater bronchodila-
tion of formoterol vs. tiotropium for bronchodilation
within the first 2 h of inhalation (FEV,-AUC4_120 min) and
comparable bronchodilation 12 h post-inhalation in pa-
tients with moderate to severe COPD.

Copyright @ 2006 S. Karger AG, Basel

introduction

Chronic obstructive pulmonary disease (COPD) s, ac-
cording to the definition of the American Thoracic Soci-
ety (ATS), a disease with abnormal expiratory flow. The
airway obstruction is caused not only by inflammation,
but also as a resuit of structural changes of the lung pa-
renchyma.

Therapeutic guidelines are provided by the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD)[1].
These guidelines recommend the treatment of airflow ob-
struction with bronchodilators, including short- or long-
acting Br-agonists, anticholinergics, and methylxanthines.
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The most important bronchodilators for treatment of
COPD at present are f,-agonists and anticholinergics.
Formoterol has a fast onset of action, in both asthma [2,
3} and COPD (4], with a 12-hour effect on spirometry [3,
6]. Studies with the long-acting anticholinergic compound
tiotropium demonstrated that an 18-pg dose is safe and
provides effective bronchodilation suitable for mainte-
nance therapy in COPD with once-daily dosing [7-10].

An in-vitro study has shown a slower onset of action
for tiotropium as compared with atropine or ipratropium
bromide in guinea pig and human airways, with times
required to attain 50% of the maximum response of
35 min compared to 4 and 8 min, respectively [11]. Ina
previous study comparing the pharmacodynamic proper-
ties of tiotropium with ipratropium in patients with
COPD, tiotropium produced a peak increase in forced
expiratory volume in 1 s (FEV,) 3-4 h after dosing as
compared with 1-2 h for ipratropium {12]. From a thera-
peutic standpoint it is useful to know the onset of bron-
chodilator response for agents used in COPD treatment
(e.g. improvement in lung function, reduced symptoms,
and increased exercise tolerance). Maesen et al. [13] were
able to show that patients’ subjective perception of the
onsect of bronchodilation matched objective clinical mea-
surements of the onset of bronchodilation.

Few data are available on direct comparisons of the
bronchodilation attributed to tiotropium and formoterol
or to the combination of both drugs in patients with
COPD [14-16]. The aim of this study was to compare the
onset, duration of action, and lung function after the first
dose and after 7 days of treatment with formoterol 12 pg
twice daily (b.1.d.) or tiotropium 18 pg once daily (0.d.)
in patients with moderate to severe COPD.

Methods

Patients

Forty patients (male, n = 31)>45 years of age with an established
clinical history of COPD according to ATS criteria [17] were en-
rolled mto the study. Inclusion criteria included an FEV, of 30—
80% of predicted value and a FEV/forced vital capacity (FVC)
ratio below 70% of the predicted value at screening. Additionally,
all patients had a smoking history of at least 10 pack-years. Use of
oral corticosteroids, theophylline or other xanthine derivatives, in-
haled anticholinergics, oral or inhaled long-acting B;-agonists was
not permitted during the study period. Patients with respiratory
tract infections occurring within 1 month before screening or with
hospitalization due to a COPD exacerbation within 1 month before
screening and during the screening phase were also excluded.

Therapy with ICS was allowed in a constant dose. Salbutamol
was used as rescue medication. Demographics and baseline char-
acteristics of enrolled patients are given in table 1.

Bronchodilation by Formoterol and
Tiotropium in COPD

Table 1. Demographics and baseline characteristics of the random-
ized patients (n = 40)

Age, years 647
Males:females 31:9
Height, cm 1717
Weight, kg 78+ 12
Smoking history, pack-years 44+24
Current smoker, yes:no 16:24
FEV,, ml 1,620+ 450
FEV,, % predicted 55+12
FEV |, reversibility % baseline 15.3+14.4
FVC, ml 2,960+ 700
FEV\/FVC, % 55+10
Pre-study medication for COPD, patients, n (%)
Anticholinergics 5(13)
[32-Agonists inhaled 32 (80)
Inhaled steroids 14 (35)
Oral steroids 0

Study Design

The study followed an open-label, randomized. multicentre,
two-period crossover design. The study was approved by an inde-
pendent ethics committee and all patients gave informed and writ-
ten consent to participate in the study prior to enrolment. The
trial was carried out in accordance with the German drug law and
principles of the Declaration of Helsinki.

Patients were randomly assigned to receive either formoterol
12 pg b.i.d or tiotropium 18 pg o.d. or to receive the same treat-
ments in the reverse order. Tiotropium was administered via the
HandiHaler® and formoterol was administered via the Aerolizer®;
both devices are dry powder inhalers.

Each treatment phase lasted for 7 days with a washout period
of 7 + 2 days between treatments. Lung function measurements
were performed afier the first dose (days 1 and 15) and after the last
dose (days 8 and 23) of each treatment period at approximately the
same time of the day (between 08:00 and 10:00 h).

Measurements

The primary efficacy variable, FEV, was measured 10, 20, 40,
60, 90 and 120 min after inhaling the study medication in the morn-
ing on days 1, 8, 15, and 23. FEV was measured using an elec-
tronic pneumotachograph MasterScope Model 4.1 spirometer (Fa.
Jaeger, Hoechberg, Germany) according to the ATS recommenda-
tions [18]. FEV, was measured at least 3 times until reproducible
within 5%; the highest value was used for the analyses. FEV, was
also measured over 12 h at 3, 4, 6, 9, and 12 h after inhaling the
study medication on days 1, 8, 15, and 23.

FEV,, forced inspiratory volume in 1 s (FIV,), inspiratory ca-
pacity (IC), and inspiratory vital capacity (IVC) as trough values
were the secondary variables and were evaluated before inhaling
the study medication on days | and 8 and on days 15 and 23.

Morning and evening peak expiratory flow (PEF) and clinical
symptoms including cough, sputum, awakening in the night and
breathing effort were recorded daily in patient diaries. The number
of inhalations of rescue medication (salbutamol) was reported dai-
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Table 2. Results of differences of area under the curve (AUC) for time course of FEV,

After first dose (day 1/15)  p value After last dose (day 8/23)  p value
formoterol vs. tiotropium formoterol vs. tiotropium
ITT population (n = 38)
10-120 min +114 ml (24/204 m}) 0.014 +82 ml (14/150 ml) 0.020
0-720 min +61 ml (-26/148 ml) 0.165 +3 ml (-52/58 ml) 0.920
PP population (n = 34)
10-120 min +124 ml (25/223 ml) 0.016 +80 ml (6/154 ml) 0.036
0-720 min +52 ml (-44/149 ml) 0.279 +6 ml (-42/64 m}) 0.828

Values are given as means (95% confidence intervals). AUC values are standardized by observation time in

min.

ly in the morning and in the evening after inhalation of the study
medication and was also recorded in patient diaries.

Exercise tolerance was measured by a 6-min walking test [19]
at the screening visit and on days 8 and 23 of the respective treat-
ment periods before inhalation of the study drug. Reversibility of
lung function impairment was tested at screening after inhalation
of salbutamol 200 g in terms of maximal increase of FEV, in per-
cent of baseline after 15 min.

Patient perception of dyspnoea was assessed by Baseline Dys-
pnoea Index (BDI) [20] at the screening visit and on days 8 and 23
of the respective treatment periods by Transttion Dyspnoea Index
(TD]) before inhalation of the study drug.

Safety Assessments

Safety assessments consisted of monitoring and recording all
adverse events, serious adverse events (with their severity and re-
lationship to study drug), the monitoring of hacmatology and blood
chemistry and assessments of vital signs, ECG and body tempera-
ture.

Statistical Analysis

Area under the curve (AUC) was calculated for FEV, for the
time interval 10-120 min (primary efficacy variable) and 0-12 h
(secondary efficacy variable) and normalized according to the cor-
responding observational period of 110 min and 12 h, respectively.
The statistical analysis was performed by means of ANOVA. The
differences in AUC were analysed for the ITT population and the
per-protocol population.

The analysis of the additional secondary target variables was
performed analogously, applying the same statistical model of
ANOVA.

Assuming a difference in FEV -AUC of 100 ml between the
two treatments and a within-patient standard deviation of about
230 ml, a sample size of 35 patients was required to demonstrate a
superiority of formoterol on a one-sided a level of 5% and with 80%
power.

416 Respiration 2006;73:414-419

Results

A total of 40 patients were screened and randomized
mto the study. Two patients terminated the study prema-
turely: 1 patient due to an adverse event, and 1 patient
due to administrative reasons. The ITT population con-
sisted therefore of 38 patients. Efficacy results are given
for the ITT population if not stated otherwise. An addi-
tional evaluation of the primary efficacy variable was per-
formed for the per-protocol group consisting of all pa-
tients who received study medication during the whole
treatment phase and had no major protocol violations (34
patients).

Efficacy Results

FEV -AUC 5120 mis at the first visit of each treatment
phase (days 1 and 15) after first dose and at the last visit
of each treatment phase in the morning after the last dose
(days 8 and 23) was statistically significantly greater at
every visit after treatment with formoterol than after
treatment with tiotropium.

The differences in the AUC between patients under
treatment with formoterol and the same patients under
treatment with tiotropium are given for the ITT and the
per-protocol populations in table 2.

In the ITT population, the FEV-AUC_,,, after the
first dose (days 1 and 15) and after the last dose (days 8
and 23) of treatment with formoterol exceeded the AUC
after treatment with tiotropium by 61 and 3 ml, respec-
tively. In the per-protocol group the differences were 52
and 6 ml, respectively. None of these differences was sta-
tistically significant.

The increase in FEV| 3-6 h after inhalation of study
medication was greater for patients receiving formoterol;

Richter et al.
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Fig. 1. 12-hour FEV profiles after the first dose (days 1, 15) (a) and
last dose after 7 days of treatment (days 8, 23) (b) of formoterol or
tiotropium.

after this time point the course of the curves was similar
for both treatment groups (fig. 1). The bronchodilation
response as measured by FEV, over 12 h provided by
formoterol and tiotropium is shown in figure 1.

Patients’ perception of dyspnoea measured by BDI/
TDI improved in both treatment groups to a similar ex-
tent. The sum score on days 8 and 23 after treatment with
formoterol was 2.6 compared with 2.4 after treatment
with tiotropium.

The mean distance covered during the walking test
improved by 14.6 m after treatment with formoterol and
by 10.1 m after treatment with tiotropium. The difference
was not statistically significant. Rescue medication use of
salbutamol doses decreased for both treatments, without
statistically significant differences. No differences in clin-
ical symptoms as recorded by patients were observed.

Bronchodilation by Formoterol and
Tiotropium in COPD

The results of an additional per-protocol analysis for
the primary efficacy variable were consistent with those
obtained in the ITT population.

Analyses of AUCy_750 min Of expiratory lung function
variables (PEF, VC and FVC) showed small, statistical-
ly non-significant differences in favour of formoterol af-
ter the first dose, but not after dosing over 7 days. For
inspiratory variables (FIV, IVC) also, a small difference
in favour of formoterol after the first dose was ob-
served.

Differences of AUCy_720 min values of intrathoracic gas
volume (ITGV), residual volume (RV) and total lung ca-
pacity (TLC) indicated less static lung hyperinflation af-
ter treatment with formoterol, but none of these differ-
ences reached statistical significance and they were small-
er after repeated dosing. Data on lung function variables
are provided in table 3.

Considering the treatment sequences, significant dif-
ferences between the groups formoterol/tiotropium and
tiotropium/formoterol were observed for all variables.
Patients receiving formoterol in the first treatment phase
had higher FEV, values at all measurement time points
and in both treatment phases.

Safety Results

Eight patients (20%) experienced 11 adverse events
during the study. During formoterol treatment, 3 adverse
events occurred in 2 (5%) patients; during treatment with
tiotropium, 6 adverse events occurred in 5 (12.5%) pa-
tients. Two adverse events in 1 (2.5%) patient occurred
during the washout period. The most frequent adverse
event was headache.

One serious adverse event occurred during the study.
A patient with a history of hypertension and aortic insuf-
ficiency experienced apoplexy during treatment with
tiotropium and terminated the study prematurely. This
event was not deemed study drug related by the investi-
gator.

Discussion

The results of this study suggest that formoterol is
more efficacious than tiotropium in bronchodilation
(FEV -AUC o_{50 min) Within the first 2 h after study drug
inhalation. Both substances improved lung function vari-
ables and differences in duration of effect up to 12 h were
not evident. These data are in line with previous studies
showing the long duration of action of tiotropium and
formoterol for at least 12 h 5, 6, 8].
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Table 3. Results of differences of area under the curve (AUCqy_720 min) for different lung function parameters after

first and last dose

After first dose (day 1/15) p value After last dose (day 8/23)  p value

formoterol vs. tiotropium formoterol vs. tiotropium
PEF, ml/s 199 (-52/450) 0.12 24 (-200/151) 0.78
VC, ml 59 (-80/198) 0.39 =51 (~131/30) 0.21
FVC, ml 70 (-67/207) 0.31 ~-30 (-119/60) 0.51
FIV,, ml 76 (-65/207) 0.28 79 (-58/216) 0.25
IVC, ml 62 (-68/191) 0.34 ~11 (-84/61) 0.75
1C, ml -9 (-159/140) 0.90 108 (-76/294) 0.24
ITGV, ml —105 (-244/35) 0.14 -58(-216/101) 0.45
RV.ml ~108 (-298/83) 0.26 =20 (-206/166) 0.83
TLC. ml -69 (-232/94) 0.40 ~56 (-208/97) 0.46

All values are given as means (95% confidence intervals) standardized by observation time in minutes.
PEF = peak expiratory flow; VC = vital capacity; FVC = forced vital capacity; FIV, = forced inspiratory vol-
ume in 1 s; [VC = inspiratory vital capacity; IC = inspiratory capacity; ITGV = intrathoracic gas volume; RV =

residual volume; TLC = total lung capacity.

In comparing two treatments it 1s important to evalu-
ate not only the maximum increase in FEV |, but also the
time needed to achieve therapeutic effect. Patients treat-
ed with formoterol reached higher values of FEV, in
a shorter period of time than patients treated with tio-
tropium, as demonstrated by the difference in FEV -
AUC g 120 min- These differences were smaller after 7
days of treatment but still statistically significant in fa-
vour of formoterol. The fast onset of action of formoterol
in COPD has been described in the literature [4, 16, 21]
and was confirmed by the results of this study.

Analyses of secondary inspiratory and expiratory
tung function variables did show small differences for
AUCq 750 min after the first dose in favour of formoterol
but they did not reach statistical significance. In this re-
gard the study 1s limited by the total number of subjects
included, hence it was not adequately powered for explor-
ing differences in these variables. Furthermore, it is
known from previous studies that there is a rather poor
correlation between FEV, and inspiratory lung function
variables (e.g. FIV, or IC) or exercise capacity in COPD
[22].

Significant differences between the treatment se-
quences formoterol/tiotropium and tiotropium/formo-
terol were observed for all variables. Patients in the for-
moterol/tiotropium sequence had higher FEV | values at
all measurement time points and in both treatment phas-
es. Additional analyses of lung function variables at
screening indicated a less severe degree of disease for the

418 Respiration 2006;73:414-419

patients of the formoterol/tiotropium sequence, therefore
this imbalance does not indicate a carry-over effect. How-
ever, the advantage for formoterol existed in both treat-
ment sequences. As the crossover design uses only within-
patient comparisons, imbalances between treatment se-
guences do not invalidate the trial findings.

The pharmacologically induced bronchodilation in
COPD might depend on the severity of disease (e.g. base-
line lung function and degree of reversibility of airflow
obstruction), which must be taken into account when
comparing the efficacy of different B,-agonists or anticho-
linergics. The crossover design of the present study com-
paring bronchodilation associated with formoterol and
tiotropium within the same patient group may help re-
duce or eliminate such a bias. In this particular study
partly reversible airflow obstruction was not an exclusion
criterion. The population showed a mean reversibility of
FEV, of about 15% at screening and included patients
with partly reversible obstruction and patients with no
reversibility. When comparing FEV, response to differ-
ent bronchodilators in COPD, information about revers-
ibility is important. The degree of reversibility might ex-
plain the clear response in terms of bronchodilation in
this study. Nevertheless, inclusion and exclusion criteria
ensured that only patients with COPD (and not asthma)
entered the study. Hence the airflow obstruction was not
fully reversible.

Bronchodilation provided by formoterol within the
first 2 h was significantly higher than with tiotropium.

Richter et al.



After 7 days of treatment this effect of formoterol was
maintained, although the difference was much smaller.
In a recent pharmacodynamic study on tiotropium, van
Noord et al. {12] demonstrated that the steady state for
bronchodilation in terms of FEV is reached within 48 h
while continued improvements in FVC may be expected
beyond the first week of treatment with tiotropium. This
effect of tiotropium on trough values might explain the
smaller difference after | week of treatment in the current
study. Therefore, the difference between formoterol and
tiotropium in terms of onset of action and peak effect
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Aim: To evaluate the efficacy and tolerability of formoterol delivered by Aerolizer in the emergency
department.

Methods: A single-centre, double-blind, randomised, placebo-controlled, parallel group study was
conducted in patients seeking emergent care for an acute exacerbation of asthma. Patients were randomly
assigned to one of two groups: group 1 {salbutamol), receiving a total dose of 600 ug salbutamol
(200+200+200) delivered by a meter-dose inhdler info o spacer device as two puffs at 20 min intervals; and
group 2 {formoterol), receiving formoterol 24 g (12412} as two dry powder capsules each containing 12 pg
of formoterol via Aerolizer at 20 min intervals. The peak expiratory flow rate (PEFR) was measured at
baseline and 5 min after the second and third doses.

Results: 60 subjects receiving salbutamol {n=28) or formoterol (n=32) completed the study. Age, gender,
baseline PEFR, duration of asthma and previous medication were balanced between the two groups. Mean
PEFR increased significantly over baseline values in both the salbutamol and formoterol groups (63% in the
salbutamol group, p=0.001, and 55% in the formoterol group, p=0.001). No significant difference was
observed in the increase in PEFR between the groups (p=0.99, 95% Cl ~29.62 to 29.59). The proportion of
patients reporting adverse events was similar in the two groups.

Condlusion: Formoterol was found to be well tolerated and as effective as salbutamol in the management of
acute asthma. Further studies are needed to follow the patients after discharge from the emergency room fo
compare the long-term effect of formoterol on patients’ stability.

clinical practice, relatively few studies have addressed

their role in acute asthma.' B,-agonists with long-acting
propertics, formoterol and salmeterol, are recommended only
as maintenance therapy in patients with moderate to severe
asthma that is poorly controlled on inhaled corticosteroids.' 2 In
addition to its use in maintcnance therapy, formotcrol is
approved in Europe as a rclicver medication. The National
Heart, Lung, and Blood Institute, Maryland, USA emphasises
that long-acting B-agonists should not be used to treat acute
symptoms or cxacerbations.”

Currently, the repetitive administration of short-acting
inhaled B;-agonists (2-4 puffs every 20 min for the first hour)
is considered the preferred initial treatment for acute asthma.?
Thereafter, the dose of By-agonist required will depend on the
severity of exacerbation, and varies from 2 puffs every 3 h to 10
puffs at internals of less than an hour.’

The rationale for using long-acting B,-agonists in the emer-
gency department (ED) as a substitute to short-acting f,-agonists
relates to their duration of action and potential for reducing the
need of repeated administration of bronchodilator therapy.!

Formoterol, a long-acting p,-agonist with unique pharmacolo-
gical propertics as well as a favourable safety profile, seems ideal
for the management of acute asthma. It has a fast onset of action,
similar to that of short-acting B,-agonists such as salbutamol. In
all, 80-90% of maximum bronchodilation occurs within 5-10 min
of inhalation.” > An improvement in the mean forced cxpiratory
volume in one sccond is sustained over 24 h after dosing,
although the clinical duration of action is reported tobe 12 h.* 7 In
addition to rapid bronchedilation, the safety and tolerability high-
dosce formoterol Turbuhaler relative to high-dose terbutaline

Dcspitc the increasing use of long-acting B,-agonists in

Turbuhaler and salbutamol meter-dose inhaler {MDI} in the
treatment of asthma exacerbation has been confirmed by
previous comparative and non-comparative studies.® ®

Formoterol is cqually effecrive when given either by Acrolizer
or by Turbuhaler.’® ' However, handling the Acrolizer is casicr
than handling the Turbuhaler, and paticnts make less critical
crrors while using an  Aerolizer than while using a
Turbuhaler.”” ** This feature could be especially valuable in
choosing an alternative treatment for asthma exacerbation.

A recent study shows that rapid onset of bronchodilation can
be achieved by administering formoterol via Turbuhaler {Oxis,
Astrazeneca, Sweden) in patients with asthma exacerbation,
which is associated with greater maximal cfficacy during the
third and fourth hour after dosing compared with salbutamol
administered via MDI. In addition, it provides a safety profile at
least as good as that of salbutamol when used up to 54 ng.’

Although the cfficacy and safety of high-dose formoterol
delivered by Turbuhaler in asthma exacerbation has been
demonstrated, that of low-dose formoterol  delivered by
Acrolizer has not yet been studied.

The present study compares the efficacy and tolerability of
cquipotent doses of formoterol delivered by Acrolizer with that
of salbutamol delivered by MDI.

METHODS

Study population

We recruited adult patients with acute asthma over a 3-month
period. These patients had approached the ED of “Shaheed

Abbreviations: AE, adverse event; ED, emergency department; MDI,
meter-dose inhaler; PEFR, peak expiratory flow rate
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lAssessed for eligibility (n = 92)]
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Figure 1 Flow chart describing the
progress of patients through randomised
trial.

Excluded (n = 27)
Did not meet inclusion criferia
{n=16)
Refused to participate {n =11}

L Randomised (n = 65} ]

Allocated to formoterol 24 pg (12+12),
as two dry powder capsules each
containing 12 pg of formoterol
delivered via Aerolizer ot 20 min
intervals

Allocation

{n=34)

Allocated to Salbutamol 600 pg
{200+200+200), delivered by MDI
with spacer device, given as 2
puffs at 20 mm intervals.

{n =37}

Discontinued intervention (n = 2}

The capsule was inadequately pierced
which lead to imperfect release of

the medication

Lost to follow-up [n = Q)

Follow-up

Discontinued intervention (n = 3)
Improper use of MDI
Lost o follow-up [n = 0)

Analysed [n =32}
Excluded from analysis {n = Q)

Analysed {n = 28)
Excluded from analysis {n = 0}

Labafincjad” hospital, Tchran, Iran. Approximately 22 000
patients visit this department annually, with nearly 1400 adult
patients presenting with asthma exacerbation.

To be included in the study, patients had to fulfill the
following criteria:

® Age >18 years

® American Thoracic Society’s definition of asthma'

® No history of hypersensitivity to B,-agonists, thyrotoxicosis,
ischaemic heart disease; severe tachyarrhythmia, heart
failure, uncontrolled hypertension, pregnancy or breastfeed-
ing

® Able to perform a forced expiratory manoeuvre.

All patients with severe life-threatening acute asthma who
required admission to the intensive care unit were excluded
from the study.

The study was approved by the medical ethics committee of
the Shaheed Beheshti University of Medical Sciences, and
Health Services and informed consent was obtained from all
patients.

Study design
The study had a single-centre, double-blind, randomised,
parallel-group design. Demographic data, duration of asthma
and treatment given at arrival to the ED were recorded.

The cligible patients were assigned by random number
allocation to one of the two treatment groups—ihat is, cither

www.emjonline.com

salbutamol or formoterol. Randomisation was carried out using
sequential opaque scaled envelopes in which treatment alloca-
tion had been predetermined using blocked randomisation by a
statistician not related to the study. Both treatments were
started as soon as possible after the patient’s arrival at the
hospital.

In the salbutamol group, a total dose of 600 ug salbutamol
(200+200+200) delivered by MDI with a spacer device (Jahan-
Behbood, Tehran, Iran) was given as two puffs (100 ug/puff) at
20-min intervals. Patients in the second group were given
formoterol 24 pg (12+12) as two dry powder capsules each
containing 12 ug of formoterol via Acrolizer (Novartis Pharma
AG, Basel, Switzerland) at 20 min intervals. The drugs were
administered in a double-blind manner. As placebo, the
patients in the salbutamol group received two dry powder
capsules, containing lactose, at the first and second doses in
addition to salbutamol. The safety of lactosc has been proven by
previous studies.®”

Patients in the formoterol group received two puffs from an
identical MDI placcbo (Jahan-Behbood) at 20 min intervals
concurrently. All treatments were administered by ED nurses
who were trained to usc the inhaler and were unaware of the
treatment groups.

To omit the effect of other drugs on our outcome, systemic
corticosteroids were added only to the treatment of those
patients who did not respond to the third dosc of the drug
under study.

The decision to discharge or admit a paticnt was made by the
ED artendant physician, who did not have any knowledge of
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the patient group allocation. Patients were discharged from the
ED according to the British Thoracic Socicety guidelines™ and if
they were improving clinically. All discharged patients were
given prednisolone 60 mg daily for at least 5 days.

Measurements

The primary cfficacy parameter was PEFR. It was measured
with a pcak flow meter (Jacger, Germany) immediately before
starting the treatment and 5 min after the second and third
doses. At cach assessment, the highest PEFR value was
recorded from three manocuvres. As self-recording of PEFR
by the patients themselves might be inaccurate, four ED nurses
who were trained to use a peak flow meter performed all the
measurements. After completing the full dose, patients were
asked to indicate the presence or absence of cach of the
following symptoms: mouth dryncss, dizziness, hcadache,
nausea, palpitation, tremor and cramps. Secondary efficacy
parameters included: proportion of patients who required
hospitalisation, and proportion of patients who neceded addi-
tional medication after completing the full dose of Bs-agonists.

Statistical methods

Differences in mean PEFR between the two groups were
analysed by applying the Student’s t test. Paired t test was used
to compare PEFR before and after the second and third
administrations to determine whether there were significant
improvements in either group.

A previous trial has reported that the mean PEFR in persons
with asthma cxacerbation treated by salbutamol was 227.1
I/min, with a SD of 71.7 /min.”” Estimations from powcr
calculations predicted that 29 patients in each group {salbuta-
mol and formoterol) would be required to detect a difference of
55 I/min in mcan PEFR between the two treatment groups, at o
(two-sided) = 0.05 and power = 80%.

The proportion of patients who required hospitalisation or
additional medication after the full dose of Bo-agonists was
compared using the x° test.

RESULTS

Demographics and baseline characteristics

From a total of 92 paticnts enrolled in the study, 65 paticnts
were randomised to treatment with either salbutamol or
formoterol: 34 in the formoterol group and 31 in the salbutamol
group. Figure 1 shows the progression of patients through the
study phases. A total of five patients discontinued the study: 2
(6.25%) patients from the formoterol group (due to inadequate
piercing of the capsule, which led to imperfect release of the
medication) and 3 (9.6%) patients from the salbutamol group
(due to improper use of MDI).

Table 1 shows the demographic characteristics of the 60
patients who completed the study, and their baseline PEFR. The
two treatment groups were well matched with regard to
demographic characteristics. The mean PEFR value at baseline

in the formoterol group (119.3 Vmin) was higher than that in Table 2 Improvement in peak expiratory flow rate {I/min)
after the second and third doses compared with baseline
Table 1 Baseline characteristics of the two treatment Salbutamol Formoterol
groups PEFR (n=28) {n=32) p Value
Salbutamol Formoterol Baseline-second 40.5 47.3 0.55
Variables {n =28) =32} dose (22510 58.5) (321 to 62.5)
Baseline—third dase 659 65.9 0.99
Sex {M/F) 14/18 13/15 {41.2 10 90.5) (47 .4 10 84.4}
Age {years}, mean {SD} 53.2{15.0) 56.4{14.2) Second-third dose 253 18.5 0.36
Duration of asthma {years), 12,4 (8.4} 10.4 (8.1} {14.9 t0 35.8) (7.7 to 29.4)
mean (SD}
PEFR ot baseline {}/min) 100.8 119.3 PEFR, peak expiratory flow rate.
All p values are for two-tailed t tests .
F, female; M, male; PEFR, peck expiratory flow rate. Values in parentheses are 95% €I, _J
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the salbutamol group (100.8 I/min). However, the difference
was not statistically significant. A similar number of patients in
cach group had taken asthma medication. Of the 60 patients,
58 (96.7%) used inhaled Bs-agonists (salbutamol), 23 (38.3%)
used inhaled ghicocorticosteroids, 43 (71.7%) used theophyl-
line, 30 (50%) uscd systemic glucocorticosteroids and 4 (6.7%)
used cromolyn as previous medication.

Efficacy results

In both groups, PEFR increased significantly over bascline
values. Overall, there was no significant difference in mean
PEFR changes after the third dose of treatment between the
two groups (65.9 I/min in the salbutamol group vs 65.9 I/min in
the formoterol group, p=10.99, 95% CI, —29.62 to 29.59;
table 2).

Among the treatment groups, there were no statistically
significant differences in the need for additional drugs or
hospitalisation,

In all, 9 (28.1%) patients of the formoterol group and 9
(32.1%) paticnts of the salbutamol group needed an additional
drug such as corticosteroids for the control of their exacerba-
torn. In addition, 4 (12.5%) in the formoterol group and 5
(17.8%) in the salbutamol group required hospitalisation and
were admitted.

Adverse events

Both treauments were well tolerated, and no unusual or
uncxpected adverse events (AEs) were reported. Ovcrall, 34
AEs were reported. Typical Bo-receptor-mediated subjective
symptoms (reported as AEs) occurred during treatment with
formoterol in 12 (43%) patients and during treatment with
salbutamol in 11 (42.9%) paticnts. The most common AE was
mouth dryness in 22 (36.7%) patients, which occurred with
similar frequency in both groups. There were no differences in
the formoterol and salbutamol groups with regard to reporting
AEs {table 3).

DISCUSSION

We compared the cfficacy and tolerability of the two treatment
regimens (formoterol 24 pg as two dry powder capsules cach
containing 12 pg of formoterol via Aerolizer and salbutamol
600 ug via MDI with spacer in three equal doses) in providing
rclief of acute asthma exacerbation in the ED setting.

The results from this study demonstrated that formoterol
delivered by Aerolizer was at least as effective as salbutamol
dclivered by MDI, based on improvement in PEFR at 5 min
after the second and third doses in paticnts with acute asthma
exacerbation.

Both formoterol Aerolizer and salbutamol MDI improved
PEFR, and the difference between treatment groups for change
in PEFR value from baseline to post sccond and third doses was
not significant.

www.emjonline.com
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Table 3 All important adverse events or side effects in each
intervention group

Formoterol group  Salbutamol group

Symploms n (%) n (%) p Value
Mouth dryness 12 (37.5) 10 (35.7} NS
Dizziness 50154} 2{7.1} NS
Headache 3{%.4) 2{7.1) NS

Furthermore, the rapid onset of action of formoterol Aerolizer
in asthma cxacerbation was in accordance with previous
studies.®”

The rapid onsect of action of formoterol and salbutamol is
cxplained by the ability of these drugs to reach the Ba-
adrenoceptor from the aqueous phase, but, unlike salbutamol,
formoterol is moderatcly lipophilic, enabling a considerable
amount of drug, when inhaled, to diffuse into the lipid bilayer
and to producc a long duration of action.” "”

This is the first study to comparc formoterol Aerolizer and
salbutamol MDI in asthma exacerbation. Boonsawat et al’
compared the cfficacy and safety of high-dose formoterol
dclivered by Turbuhaler with that of salbutamol delivered by
MDI. Considering the fact that formoterol induces bronchodila-
tion in a dosc-dependent manner,® ** there would be a concern
that a lower dose of formoterol could not be used in the
management of acute asthma. Our results further extend the
findings of this study to the cffectiveness of a lower dose of
formoterol in a population with asthma having more severe
obstruction of airways.

Previous studies suggest that formoterol 12 pg Aerolizer is an
cquivalent bronchodilation dosc to salbutamol 200 ug MDI.* On
the basis of the Global Initiative for Asthma guideline for the
treatment of asthma cxacerbation, which recommends two to
four puffs of short-acting B,-agonist every 20 min for the first
hour,” we decided to compare formoterol Aerolizer with the
lowest recommended dosec of salbutamol.

In addition, patients with forced expiratory volume in one
second <30% of predicted normal value were excluded in
Boonsawat et al’s’ study. Thercfore, the study population did not
represent the severe end of the spectrum of asthma exacerbation.
However, in our study, any patient with asthima exacerbation who
was able to generate a PEFR value was enrolled.

Unlike previous trials, the mean baseline PEFR value
obtained in this study was very low in both groups (119.3
and 100.8 I/min), which was probably due to the age
differences observed in these studies. The majority of our
patients in both groups were aged >50 years, and this could
have contributed to the lower mean PEFR value. In addition,
our sample was drawn from a hospital which is a referral centre
for patients with respiratory disorder with more severe forms of
asthma exacerbation.

Given that our goal was to assess the role of formoterol in the
management of asthina exacerbation, this low mean PEFR
value did not seem to affect our results.

To manage asthma cxacerbation in hospital, it is reccommended
that rapid-acting inhaled P2-agonists be administered via either
MDI or a ncbuliser. Current guidelines for the management of
acute asthma, including The British Thoracic Sediety guidelines,
have not mentioned that a nebuliser is superior to the MDI and
spacer in treating mild and moderate exacerbations of asthma in
children 22 years old and in adults.® *

Owing to the improper usage of the inhaler devices by most
patients in Iran, B2-agonists will be administered via an MDI by
an appropriate volume spacer in hospital management of
asthma cxacerbation without life-threatening features. Our
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chronic asthma treatment is based cxactly on the Global
strategy for asthma management and prevention.®

In our study, 2 (6.3%) patients in the formoterol group and 3
(10.7%) paticnts in the salbutamol group expericnced a decline
or no change in PEFR after administration of the sprays. All of
these patients except one patient in the salbutamol group who
was hospitalised, had an improvement in their symproms.

One possible explanation could be that the improvement in
the patient’s well-being has a mechanism different from the
bronchodilatory and bronchoprotective effects of the -
agonists.

Another explanation could be related to the fact that each
patient with asthma has a distinct number of $-receptors,
which respond to individualised doscs of B,-agonists.™

Therefore, the dose used in our study might not have been
sufficicnt cnough for them.

The safety profile of formoterol is well established.® Several
studics®** have shown that, despite having a prolonged
bronchodilator cffect in the airways, formoterol has a short
duration of systemic effects. The proportions of patients
reporting AE in this study were similar in the two groups, but
more than those observed in previous studies. Mouth dryncss
and dizziness were the most frequent AEs. Neither tremor nor
palpitation developed in any of our patients in the salbutamol
group. There were no serious AEs and no discontinuations due
to AEs. Formoterol was well tolerated, with no unusual or
unexpected AEs. Patients in this trial received a maximum of
24 pg of formoterol via dry-powder inhaler. We did not
cvaluate the cardiovascular and mctabolic cffects of this dose
of formoterol in our patients. This dose was well within the
tolerability range of formoterol, as evidence suggests that
formoterol up to a daily dose of 120 pg delivered through
Aerolizer has a safety profile comparable to that of short-acting
B2-agonists.?

Our results support prior studies in suggesting formoterol as
a very useful bronchodilator and as a potential substitute for
controlling acute asthma attack. Our study was limited by
several factors.

First, we did not follow patients after being discharged from the
ED. The long-term cfficacy and safety of formoterol for manage-
ment of asthma cxacerbation needs to be assessed in future
studies. We focused only on PEFR as the primary efficacy
parameter in designing and implementing the study. The other
data required for assessing the scverity of asthma, such as
respiratory rate, pulse or arterial blood gas results, were not
included in this study, which could be another limitation.
However, initial assessments (history, physical examination and
tests) were performed for all patients according to the Global
strategy for asthma management and prevention. Finally, the
numbers enrolled were small, thus limiting our ability to detect
smaller but potential clinically significant differences.
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